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Thb T&ans- Indus Salt Region in the KohXt District, by A. B. 
Wynne, Geological Survey of India: With an Appendix on the 
KohXt mines or quABRiBs, by H. Wabth, Ph.D. 


INTRODUCTION. 

At the ‘desire of Government, and under direct orders from the 
Superintendent of tiie Geological Survey of India, the Trans-Indus Salt 
Region was visited, and the country mapped during the working season 
1873-74. 

It hnd been represented that the map available was hardly adequate 
for the purpose of a detailed geological survey, but as no prospect 
appeared of obtaining one more suitable, shift had to be made with a 
MS. skeleton copy of part of the northern Trans-Indus Frontier Survey 
(dated 1852-53) by Lieutenant (now Colonel) J. T. Walker, Bombay Royal 
Engineers, published on the scale of two miles to an inch. A geologically 
coloured copy of the part used is appended. 

Large portions of the original map are professedly unsurveyed, and 
its precision was not found sufficient to enable points to be closely fiked 
by prismatic compass bearing^ ; for general marching purposes it answered 
admirably, and some of the larger stratig^aphical features even were 
recognisable upon it, but the hill ranges are roughly shown, and the scale 
is far too small & admit of minute delineation of the geological boun- 
daries, where these are complex. Indeed generally the structure of the 
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country has been approximately recorded with a degree of accuracj^ 
greatly depending upon the limited means at command. 

In consequence of some uncertainty as to ttie kind of information 
GoYernment wished to obtain^ and in order to furnish more comprehensive 
details, the assistance of Dr. Warth, of the Inland Customs Depart- 
ment (Deputy Collector in charge of the Mayo Mines at the Salt Range), 
was applied for from the conviction that his special experience of salt 
mines and mining in England, Germany and India, as well as his practi- 
ciil knowledge of the Cis-Indian salt, would aid in obtaining a better 
acquaintance with the salt deposits of this region, while in considering 
them from an economic point of view his services would prove highly 
advantageous. 

Permission was given in compliance with this application, but Dr. 
Warth^s duties at the Mayo Mines detained him till the examination of 
the ground was consideralily advanced; however, by mj^king double 
marches he was enabled to visit the important and largest exposure at 
Bah^ur Kh&, and subsequently to join in the inspection of a large 
number of the other salt localities. 

A rapid reconnaissance across a part of this Koh&t district by my 
colleague, Dr. Waagen, and myself in the year 1872 had led us to 
doubt the identity of the two salt series lying, mainly, one on either side 
of the river Indus. In the hope of clearing up this point, some time, 
previous to Dr. Warth^s arrival, was devoted to visiting tlie old and 
unused salt localities and exposures from Ldchee (Lachi) to Manzulli on 
lK)th sides of the ui)per part of the valley of the Teeree Towey (Tiri 
Taui) river ; the geology of the ground being mapjied en routes After 
this the Bahadur Khel and other western localities were examined, and 
then operations were carried eastward, until temporarily interrupted by a 
heavy fall of snow at Suiida Kulld Khel on New Yearns Day, ] 874. 
^Vhen the weather permitted work was continued in an easterly direction 
towards the Indus. In no part of tlie district thus traversed has any- 
thing lieen found leading to the abandonment of previous suspicions, aud 
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aTthongh the age of the salt cannot be closely fixed for want* of certainly 
as to the underlying strata^ there is much to be recorded indicating that 
it is contemporaneous with the basal portion of the ^ Subfithu ^ nummu- 
Htic series, and thus separated by many intervening geological periods 
from the ancient Silurian or pre-silurian salt of the Salt Range. 

The obscurity in which the origin of rock-salt masses is involved 
appears to have been felt ty our most distinguished geological authoi's, 
and to have given rise to much diversity of opinion and theory as to the 
natural conditions conducive to the formation of this mineral. This is 
the more embarrassing, since it is one neither so rare nor so limited, as to 
exposure, that some satisfactory conclusions on the subject of its forma- 
tion might not have been expected to result from the development of 
geological science. As to quantity, one German author (Karsten) places 
it after sulphur among the principal minerals formed in the crust of 
the earth, and other distinguished geologists (Sterry Hunt and David 
Forbes)^ assign to it and its components a prominent place in the 
chemistry of the primeval world. 

Ill the Koliit district occur wl.at may be ranked among the largest 
exposures of rock-salt known to exist upon the globe, and while engaged 
upon the geology of such a region, attention was often attracted to the 
probable past, as well as the actual present, physical relations of the 
saline deposits. The record of the latter may throw no additional light 
upon the origin of the local salt-rock, for its general characteristics seem 
til be much the same as those of other salt deposits, if the size and 
purity of the great accumulations here be excepted. But the collection 
of obseiwatiotis is a necessary preliminary to accessions of knowledge 
upon obscure points, while it also affords the only test by which the 
correctness of conclusions can be tried. 

Before proceeding, cordial acknowledgments are due for liberal 
assistance promptly rendered by Ca|)taiu Cavagnari, Deputy Commis- 

* Geological Magazine, Vol. IV, pp. 357 and 433, &t\ 
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sioner^ and R. IMoey, Esq., Assistant Commissioner of Kohdt ; also to 
Nawab Sir Khwajah Mahomed Kh£n, Khattak, x.c.s.!., of Tcri, in 
whose country* the salt is situated, and for the aid afforded under order 
of the Deputy Commissioner by Alliar Khan, the Superintendent of the 
so-called mines. 

The spelling: of the names of places in the following: pages has 
presented the usual difficulty, enhanced by the addition of the official 
ni(>de. This would often differ so much from the names upon the map 
ns to create confusion, so that the spelling of the latter has been retained, 
the official form being added wherever the difference is considerable. 

A. B. WYNNE. 


( lOR ) 



1, — Previously published or wiii'n'EN information. 

The previously published geological information concerning the 
Trans-Indus Salt Region to which we c^uld refer was very limited in 
amount. Nor is it likely that any such exists regarding a district so 
comparatively inaccessible of sufficient importance to influence the con-' 
elusions arrived at from independent obser vatic!', on the ground. 

Bumea . — A paper by Lieutenant A. Burues, subsequently Sir 
A. Burnes of the Bombay Army^ in the first volume of the Journal of 
the Asiatic Society^ Bengal, refers to the Trans-Indus Salt Region. The 
author speaks of "a range of hilb s}n'inging from the roots of the 
white mountain (Saf^d Koh)^^ as part of the high lands of Kabul : this 
he describes as crossing the Indus at Harabagh (evidently a misprint for 
K^ldbfigh)^ and says it formerly figured in maps under the name of 
^ Jood/ but that it had received the more appropriate denomination of 
the Sait Range from the extensive deposits of rock-salt which it contained. 
He then proceeds to describe the Salt Range proper, or Cis-Tiidus, and its 
mines near Pind Dddun Kh&u, but makes no further allusion to the 
Trans-Indus workings. 

At tlie time when this paper was written, the Punjab was not a 
British possession, and the Kohat Salt Region probably formed a part of 
Afghanistan or the boi'der country. The author may havci observed hills 
or mountains all the way from the Safi^ Koh to the ‘ Hydaspes/ calling 
the Jhilam river by its old name, but modern geogi'aphers would 
perhaps hardly apply the word range as he does to several long groups of 
elevations parallel and otherwise, but having no such general and definite 
direction as might be inferred from his description. The proper conti- 
nuation of the Salt Range appears to pass sinuously southward of the 
whole of the Kohdt salt-bearing area. 

Fleming, — Dr. Fleming, in one of his letters addressed to Sir 
Roderick J. Murchison, and published in the Journal of the Geological 
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SiK'ioty of London,'’^ makes one of liis few references to the salt of tliis 
district. He differs altogfetlier from Major Vicary in thiiikin|v the 
Salt Ran^e salt eoiinccted with the tertiaries of Find Dadim Khan^ &c., 
Ithoiitrh what these may be, seeing^ that place is far removed from the 
last exposures of the tertiary bods, is somewhat doubtful), but he thinks 
it probable that the Traiis-liidus salt is found in similar strata/’ 

We are not aware on what grounds this j)robabiIity is based by 
Dr. Fleming, but if it be from personal observation, his opinion on the 
subject should carry weight, as he was so well acquainted with the saline 
series of the Salt Range. 

The salt mines of the Kohat district are i)robably those 
referrt'd to by Dr. C. I. B. Karsten as near (!) the Sufed Koh, in his 
voluminous Lehrhuch tier Stilinenkunde ]mblished at Berlin in 184>G, 
(Vid. 1, p. G77). He describes the salt deposits as ladonging to and 
forming a part of the Indian Salt Range, following apparently the 
]>a|K*r by Burncs already noticed, an opinion which eanuur be su])]>orted 
here. 

In this volume containing so much information about the salt 
mines of all countries, there is an allusion to the Red Indians of North 
America perceiving the association (»f gyjisum with rock*sa]t and think- 
ing one a decomposed form of the other rock. It is curious to observe 
that the Patliaiis of the Kohat district also notice the recurrence of these 
two minerals together, and have been beard to cull tbc suit of their 
country S/jcenki ka h/tai, i, e., brother of gypsum. 

klemhtff. — Dr. FJernirig, in his valuable reports on the (Cis-Indus) 
Salt Range (Journal, Asiatic Society, Bengal, Vol. XVII, p. 500, Nov. 
1H48; also Vol. XXII), makes but slight allusion to the Kobdt salt, 
thinking it to be probably the same as that, of the Salt Range, but does 

* Qaitr. Jour., Geol. Soc., Lund., Vol. ii, p. 189 (L853). 

On the Salt Range of the Punjab A. Fleming, k. l. c., AMintAtil Surgeon, 4tli 
Punjab Cavalry. Abetract of letteri addrosMd to Sir U. Murchison. Head April 7, 1852, 
Ist letter from Murree, May 29. 1851; 2nd from Kutta Salt Uange, July 16, 1852; 
3id, with specimens, Ac., from Find Uadun Khan, March 30lb, 1852. 
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B<ft ^ivc the reasons for his opinion, which, had so accurate an observer 
seen the ground, would perhaps have been different. 

Oldham. — Dr. Oldham, Superintendent of the Geological Survey, 
paid a hasty visit to the district in 1H^4, and in his memorandum 
to Government on the Salt Range and parts of Bannd and Koli&t ; 
districts, mentioned the leading features of the quarries and the salt 
trade. The paper was not, bt vvever, intended to extend to the geological 
structure of the country or plac:e of the salt series, and it will be seen 
from the following pages that the system in vogue then has progressed 
little towards improvement as regards the manner of working within the 
nine succeeding years. 

Verehere. — Dr. Albert Verchere, in his paper on the geology of 
Kashmere, the Western Himalaya and Afghan mountains, likewise in the 
Journal of the Asiatic Society (Nos. 2 and 3, 1836, and 1, 2, 3, 1867), 
mentions some of the Trans-Indus salt localities with more reference to 
the geological age of the associated rocks. His description, however, of 
the Bahddur Khdl exposure, while in one or two points correct, is likely 
to mislead. The thickness of the saH is vastly more than 50 feet. The 
red marl (». €., red clay zone) he misplaces below the gypsum ; the dark 
brown sandstone at the base of the nummulitic rocks may belong to the 
red group, otherwise it is absent here, and although the place was 
searched for anything to represent the Jurassic rocks coloured there upon 
his map, nummulitic limestones only were seen, and every section in the 
neighbourhood increased the conviction that the salt and gypsum series 
was directly succeeded by the nummulitic rocks, if not a part thereof. 

Another, a manuscript note on the geological formation of hills in 
the district of Bdnnd and its neighbourhood^' (1869 by the same author) 
has been met with. 

In this there is a more extended reference to the part of the Kohfit 
district under notice, but the rocks are mentioned (not always correctly) 
as if from the notes of a very occasional observer. Thus one would be 
led to infer that there were no nummulitic rocks between Lachee (Lachi) 
and Bahadur K.hel, and that red marls of triussic age with small Icnti-, 
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cular beds of salt occur near the bed of the Teeree Towey (Tirf TM) 
nver, neither of which statements appears to be supported by facts. 

The description of the section in the Soordag Towey (Sdrddg Taul) 
or Algud (that is to say^ the Kurshru Algad) near Bahadur Kh^l is any- 
thing but correct. The red zone which will be found described in the 
following pages is mistaken apparently for the red gypseous marl of 
the Salt Range and is called Trias I while; a thin bed of Jurassic 
limestone is stated to underlie a thin bed of nummulitic limestone. 
The short description of the section given by the author will be found 
to differ materially from the measured one at the same place detailed 
below. Khffir K6t crags are correctly stated^ however, to be of conglo- 
merate, though whether miocene or not is undecided, and the same 
rocks appear to extend, as described, thence to the Koornm, but “ the 
wall of hills^^ north of Bannii valley does not appear to have the steady 
north-west dip attributed to it, but rather to possess undulating incli- 
nations, forming part of a general synclinal arrangement?^- 

Balfour* % Cyclopedia of India,— In this work there are references to 
the Kohdt district, 1o the neighbourhood of Kohdt containing numerous 
mines of different metals, of which Soni waM{”*(iron pyrites) and 
** PHal mahhi** (? what) only are mentioned. A high range of neigh- 
bouring hills is said to abound with mines of coal ; fluid bitumen 
(petroleum ?), and momya (mumia) are stated to occur, and that the 
naphtha is in common use by the natives for lamps is asserted. 

The authorities referred to for these highly exaggerated statements 
regarding the metallic and mineral wealth of the district are * Mohun 
LaFs Travels, p. 358. Sch. Ad. Rec. of G. of I., No. ii,^ (? Adolphe 
Schlagintweit, Records of Government of India), 'Masson's Journey, 
Vol. I, pp. 1 14 to 1 1 7, and Cunningham's H islory of the Sikhs, pp. 6, 7. ' 
All efforts to trace these writings of Schlagintweit, if our reading be 
correct, have failed. Mohun Lai's •travels have been thought open to 
doubt as to accuracy, and Cunningham's History of the Sikhs* has 
furnished no geological matter. 

• Information kindly fbpplied by tha Hon’blo R. B. Egerton, Financial Commla- 
aioner of tbe Pnijab. 
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* Otier -Besides the abovei there are doubtlees other pub- 

lished Bouroes of information, but even if accessible, it is unlikely that 
they would treat at any lengpth of the g^log^cal structure of the country, 
or its mineral resources. 

Jfr. Came,^ Collector of Salt Cucloma, 1850.— A paper or report on 
these Trans-Indus Salt Quarries, &c., by Mr. Came (1850) is referred 
to by Captain Plowden in memorandum, and also quoted in Colonel 
Maegfre^r^s Gazetteer of the Prontier.f The original paper was unfor- 
tunately not within reach to refer to, but appears to have been a tolerably 
accurate notice of some of the localities then worked ; with an extract 
from a report by Mr. P. Melville, Secretary to the Punjab Government, 
regarding the management of the ' mines * under Sikh rule, when they 
were farmed to the Kh£n of Toeree (Tirf) for (1,000 per annum, a 
further revenue being derived by the imytositiun of various export duties. 

Mr. Carneys description of the mode of working closely agrees with 
that by Dr. Warth given in the appendix hereafter, but he mentions 
the salt of a mine near Shiikkurdtirra (Shiikardarra), of which the name 
is not given (it may ])ossibly have been either Nandrukki or in the Loon 
Nallah), as being ''strijied red and gray ssilt,^^ associated res{)ectively 
with marls of the same colour, whence he inferred a [mssage from the 
Cis-InduB red salt to the gray Trans-Indus salt. He evidently regarded 
the salt of both regions as the same, thinking that of this district 
" perhaps a little sweeter/* 

No such alternation as Mr. Came descrilics of red salt underl^ ing 
red marl or clay, and gray salt underlying marl i*f the same colour, has 
since been met with or observed at the places named above or in any 
other jiart of the district. As Mr. Came speaks of the gyjisum of 
Spina as chalk, his geological observation may not have been very close, 
or he may have mistaken detrital aopumulations for rock in ntu, 

* Mr. C«nie was mardcred and U buried at Harreepoor (llaripnr) in IJaxara, otic 
lunrcb from Haaan Abdal. 

t Information from Acting Secratarj to Qovemment, Pni^jab. 
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The Hon^ble iZ. B. Bgertan, 1870. — Access has also been obtained 
to a MS. note by the Hon'ble B. E. Egerton, Financial Commissioner 
in the Panjabj regarding the salt of this region, dated December, 1870. 
In this the principal points of information, the names of some of the chief 
localities, prices, weights, and size of * tubbis * are briefly mentioned, 
and some remarks made as to the doty charged beyond the Eoomm 
(Euram) river, the conditions as to trade, and the management of sales. 

/• A. B. Miller f Bsq., 1870. — short note attached to this paper 
by the Secretary to the Financial Commissioner, dated also December 
1870, gives a slight idea of the position of the salt excavations, mentions 
the five which are being worked, what tribes were permitted to take 
salt from each, and the rates of sales, also that the cost of excavation 
varied. 

Captain Phwden, 1872.^A MS. memorandnm (without its an* 
nexed map) on the subject of the salt resources of the ^ohfit district 
by Captain Plowden of the Punjab Commission was submitted for 
information by the Deputy Commissioner of Kohkt. This is an ample 
and valuable record of the history of the so-called salt mines, of the 
method of working them, and the revenue derived therefi-om, as well as 

w 

numerous particulars relating to the fiscal statistics of the salt. It will 
be necessary hereafter in considering the economic aspect of the salt 
quarries to refer again to this memorandum containing much information, 
which it is to be regretted is not obtainable in a published form. 

Other MSS. — Besides the MS. paper by Dr. Verchere previously 
mentioned, seventeen letters of various dates, and other papers, including 
a precis by E. O^Brien, Esq., (Acting Secretary to the Financial Com- 
missioner), of records relating to the salt mines of EohAt have also been 
perused; none of these contain any geological matter; they refer 
generally to fiscal afihirs, and were within reach of Captain Plowden 
when drawing up his exhaustive memorandum upon these subjects, the 
history of, and general information regarding, the Trans-Indus Salt 
Quarries. 
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2.— Physical Oiographt Am obolooy. 

It is as well to mention here that the Trans-Indus salt field or 
region under notice, does not include the salt seen 
Sitaatioii. (Loon) Nallah northwards from K&M- 

bigh, on the same western or right bank of the river. This Ldn Nallah . 
salt has, notwithstanding the enormously broken and disconnected state 
of the immediately adjacent locks, a much more intimate connexion with 
the Cis-Indus salt series, of which it appears to be the natural continua- 
tion, than it has with the rock-salt lying at the nearest point some twenty 
miles to the northward. Lithologically the salt of the two regions 
differs both in colour and texture as well as in general aspect. Nor is 
the association of adjacent rocks the same. At K414b^h, displaced 
tertiary sandstones lie on one side of the salt, paleozoic and secondary 
limestones, &c., on the other, these latter beds never being seen in con- 
nexion with the numerous rock exposures occupying the large Kohtt, or 
Khattak, salt region. 

Excluding this (LiinJ Nallah salt near K&l&bfigh, the area occupied 
by the Trans-Indus salt region is included within about a thousand 
square miles of countiy, extending from the British Frontier eastward to 
near the river Indus, and lying between Koh£t and B6nnu, but nearer 
to the latter station, which is about eighteen miles distant in a south- 
westerly direction from the most southerly and westerly salt exposure at 
S&rd^ Pass. 

Boundaries . — ^The natural boundaries of the salt-bearing country 
appear to be the Kuram (Koorum) river on the west and the Indus on the 
east; its political limits are, however, different, the 'red line,' supposed 
to indicate the British Frontier, excluding a large group of the Waziri 
hills Cis-Ktf ram crowned by the mural rocks and pinnacles of Kaffir K6t. 

British influence appears to be felt in the vallqrs wherever the laud 
is at all fit for cultivation, but the hill ranges, far within the British 
Protectorate in the dominions of Sir Khwajah Mahomed Khdn, are yearly 
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overrun in the zemiaian or cold season by nomadic Waziri Ydffi (inde- 
pendent tribes), whose flocks and rude black tents are shifted about as 
their own convenience or the exhaustion of the grazing may prompt. 

These people are said to pay the Chief for their temporary occupa- 
tion, to which they frequently return. They are a wild, largely made, 
athletic, but unkempt -looking race, coutemptuously spoken of by the 
Pathans of the country as Jdnoioara (brutes), clod in rough goats^ hair 
garments, and encumbered by but few possessions, besides their herds, 
their families, and their arms. They seem harmless enough, but even the 
shepherd on some ragged knoll, piping his algoza in orthodox fashion 
to his flock while it feeds, wears a formidable knife, or has his 
matchlock by his side, and it is not considered advisable to go among 
them unarmed, or pass the night in their vicinity. Notwithstanding 
this, and that they seem to keep separate from the people of the country,— 
with whom Sir Khwajah said they were frequently embroiled owing to 
cases of cattle-lifting— they were always ready to furnisR-waier from the 
large earthen slung-bottles which they carry about, or to provide to- 
bacco and ciilam for the Sepdhi Ouard.*^ 

Hangea.—'Wi^in the area above indicated, the ground is occupied 
by four principal long and narrow chains of hills or continuous ranges, 
some of them having a length of over fifty miles, but varying consider- 
ably in width. These ranges with summit elevations of two, three, and 
four thousand feet above the level of the sea have an approximate east 
and west bearing, but diverge here and there as much as 25*" both to the 
north of east and of west ; the divergence of one range being followed 

* Ou Bome occBBiODB when belated thej offered the hospitality of their encampmentB 
preBsing me to spend the night in their tents, bnt this was declined, as the Nawab, Sir 
Khwid^^> Beomed anxions that I dionld return from the hills they ocenpied by daylight. 

The fact of these Waziris roaming thus over the salt-bearing hills would have to be 
taken into consideration in any question regarding the watching and preservation of the 
mineral. The Salt Department oificorB assort that they do not now steal the salt, which, 
may be a oonsoquonce of its low value. For their own wants and those of their animals 
the very water which they driuk, or which they have not to go fhr to find, may contain 
Bufficiont to Biiit their tastes. If the salt was dearer the ease would probably bo difierent. 
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ilf many cases by that of the othen adjacent. They are all steep and 
rocky, rarely supporting^ any plateau-like ground, and there is hardly a 
ravine among the many by which their sides are furrowed that has not 
at least one precipitous * bad step,* if the way is not altogether barred. 

Falleyt . — Between these Tanges are broader valleys, the surfaces of; 
which have a level or sometimes terraced appearance, bat which are 
intersected by many abrupt and deep nallahs with vertical sides, or are 
sometimes broken by small hills taking characteristic forms from the 
stratification of the rocks. The largest of the depressions are those 
north and south of the salt region, the former a part of the Kohdt Plain, 
the latter dividing the salt region from the lofty serrated ridges of the 
Sliiii Ghar flanking the Lowd Ghar Mountains to the south. Others lie 
along the sides of the Tin Taui river or its tributaries ; but one large 
valley traversed by this river to tlie cast, westwards towards Bohddur 
Khcl, sends its drainage to the southward to form an affluent of the 
Kiiram in the Banud basin. 

Cross Drainaffe.^^li is a peculiarity of the district that its drainage 
lines preserve hardly any relation to the run of its hills. Tlie Tfri river 
.crosses the central chain of hills, its tributary from Ismail Khdl crosses 
the Jatta hills. The streams from the north of Kdfflr K6t, as well as 
those from the Bahddur Khdl valley, all cross the Sdrddg ranges, and 
waters from the Shin Ghar and Sakar Ghar mountains cross the range 
to the north by the Ldkkona, Algad, and the Mittdn Pass. 

This conformation of the ground indicates that at the time when 
these streams Ingan to run, the present valleys were all filled with tertiary 
sandstone and clay rocks ; other features than any of those which now 
remain determining their courses. 

General aspect of (he eounitp , — ^The general aspect of the country 
is wild, barren, and rocky, being almost bare of trees and supporting 
nothing worthy the name of jungle; patches of cultivation appear hero 
and there in the valleys, but are scarcely suflioient to oonoeal the naked- 
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ness of the ground ; and such is the scarcity of the food for animals that 
those who come long distances to the quarries for salt prefer bringing 
forage with them to buying it in the neighbourhood. The outline of 
the hills is uneven^ sometimes strikingly abrupt ; for instance^ at the con- 
spicuous summits of Stikiwdr^ Hdkani^ and Qund (the widower), Hdkani 
east of Shakardarra, or at the curiously castellated rocks west of Bah&dur 
Kh£l called Kfiffir Edt— 



Fig. 1. OatliiM iketcli of lummit of Killlr K6t or Lakkai JoonI Sir. 

parked upon the map as a fortress! The natives said they had no 
knowledge of a fort having ever stood here, and if the mural cliffs were 
mistaken for one, it might well have been supposed to be the work of 
Titans (see below). 

In certain cases the serrated outlines of the hills form a feature 
so marked that the kind of rocks of which they are composed and the 
position of the stratification can be assumed with considerable certainty 
even from a distance, while in others the arrangement of ^he irregulari- 
ties of the gpround is not less strikingly characteristic of the strati- 
graphical structure of the country. 

Colouring of ike The colouring of the ground is often 

vivid, whole ranges taking a green tint, not from grass, but from the 
local colour of the rocks with which others of a bright purple hue are 
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■tfongly ooDtrasted. Again^ in the blood-red of some sones of clay varied 
by the white of adjacent gypsum, and broken by pale-orange or 
yellowish debris, the rocks themselves afford numerous changes to diver- 
sify the colour of a country which recalls the descriptions of travellers 
in High Asia, and which, when brightly lighted, backed as it is by the 
snowy ranges of Afgh^nist&n, is often highly picturesque. The num- 
mulitic limestone in the lan^ .cape has gray, whitish or orange tints, the 
rocks below are red, white, or gray, while the tertiary sandstones above 
often take a dark tint from the weather ; greenish-gray, red, and purple 
alternations characterising the whole group. 

Soadi . — The ground, though rocky, presents few engineering diffi- 
culties of any magnitude to prevent the construction of roads, yet there 
is but one of these in the whole region, that from Kohdt to Banntf, and 
this, as usual in the Punjab (excepting such roads as the Grand Trunk, 
the Murree, and a few others) is much out of repair. 

The rocks where roads would be most likely to run are generally 
soft and easily cut through, while certain bands of hard limestone afford 
an excellent material for building or metalling, and some more earthy 
bands in the lower part of the limestone (not, however, noticed exactly 
within this part of the Kohdt district) might probably furnish a valuable 
hydraulic cement.* 

There are no wheeled conveyances in the country as a rule, but 
until advancing civilization might bring them into use, good bridle roads 
might be constructed as easily as in many other countries, and would 
prove specially valuable for the salt traffic which now finds its way by 
devious tracks over difficult passes and through defiles without the least 
aid from engineering sdenoe. 


* In cut of tnj trinl of thew clajej limeftone bnadi for this pnrpoM. the etone 
wonld be foond rerj noeeMiUe in the nelleb, hj which s trsck lends northwsrds to the 
villege of Turkhobej, letitnde 83*8S|' north, kmgitndc 71* 6S4‘ cset. 


( 11 » ) 



16 WYNNE: TRANS-INDUS SALT REGION, ROHXt DISTRICT. 

Physical features , — Here as elsewhere the physical featuies are 
chiefly the result of meteoric denudation, connected as a matter of 
course with elevatory forces, but less strikingly here than in other places, 
for the irregularities of the ground depend so palpably upon the 
harder or softer texture of the rocks that differences of form would 
probably have shown themselves under erosion without much reference 
to the degree of elevatory force exerted ; still the positions of the rocks 
have as usual had a governing influence in deciding the shapes which 
the ground has assumed. Soft sandstones, when nearly horizontal or 
slightly inclined, have taken the forms of, or approximate to, abruptly 
scarped or tabular hills — the same kind of rocks at high angles forming 
saw-edged ridges ; while all the chief ranges owe their height and 
character to hard zones of nearly vertical limestone of much inferior 
thickness, but greater strength than the bulk of the associated rocks. 

Large eaepoaure of One physical peculiarity^ is the way in 

which the salt rock occurs in nidied exposures, so much more frequently 
and of so much larger size than in the Cis-lndus or Salt Range proper, 
leading to the enquiry whether this salt has or not a different solubility 
(not likely to any considerable extent), or whether the humidity of the 
atmosphere or rainfall varies in the two regions. The salt of both 
regions being exceptionally pure, is liable to rapid solution by fresh 
water, but in the salt of this region the frequently well marked strati- 
fication is sometimes defined by a slight earthy admixture of fine 
gray clay, (not, however, sufficient to interfere with the value of the 
mineral,) and this may have an effect upon its manner of exposure in 
masses. It may be observed too that less care is taken to preserve 
the worked salt here from rain than in the Salt Range, the carrier in 
wet weather protecting himself with his blanket rather than his load 
of salt, and not seeming to regard the latter as likely to suffer much : 
the salt here, however, being much less highly priced than it is on the 
other side of the Indus, this may have an influence in making the buyers 
careless. 
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The avera^ annual rainfall fur the past ten years at tlie 
stations nearest to the two salt-bearing tracts has been as follows 

jfrontier. Salt Range, 

Bannu 11*20 iuches. Shiihpiir ... 15*55 inohrs. 

Kohat 17*12 inches. OhOam ... 24*24 iaohw. 

Average ... 14*19 inchoe. Av^«‘!ige ... 19*805 inches* 

(The returns at Kawal Find! are only recorded for the past seven years, 
I'iviiifif an average of 19*58 inches). 

From these figures it will be seen that more rain falls in the Jhflaiu 
und Kohat neighbourhoods than in the others, but if Bannd and Shahpdr 
be taken as the two nearest stations, respectively, to these different salt 
regions, there appears to be an excess in the Cis-Iudus rainfall of about 
three inches yearly, which may have some influence in concealing or 
removing the salt there more than in this region. 

Meteoric denudation leaves marked traces upon some of the rocks 
of this district, particularly those of chemical origin,-— the limestones, 
gypsum and salt ; the action of the salt-charged water from the hills upon 
the soft sandstone generally occupying outer or lower situations is also 
powerful. Many of the saline streams cut flat rocky bottoms from the 
beds, no matter in what position their stratification rests, and the stone 
at the sides of these, liable to alternate saturation and drying, rapidly 
disintegrates, crumbling to the touch. 

Tlie registers of rainfall os given do not show whether there may 
be a difference as to its periodic occurrence in the two placea The season 
daring which the country was examined was one of exceptional cold 
and wet, rain having fallen sometimes twice in each month. Before this 
there was a long period without rain, and the powdery weathered portion 
of the softer rocks seemed only waiting to be washed away, while the 
whole country exhibited quantities of the white efflorescing 8alts,t some- 

* From daU lappliMl by tho Deputy Commimioiicr of the DiftricL 
t Chiefly oompoeed of eolphate of eoda with a little common salt and a trace of carbo- 
nate of euda (Dr. Fleming-e let Report, Salt lUngc, J. A. a, Beni^l, November, ISSR. 
p. 525). Snlpbate of aoda, enlpbate of lime, chloride of aodUum, and carbonate of eoda 
iDr. A. Verchere, J. A. S., Bengal, 1867, p. 40). 
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times here called %h6r^ but known elsewhere as Jculler or toor. Tliis 
disappeared after rain had fallen^ bat was to a certain extent renewed 
again in the few following fine days^ both on the sandstone rocks and 
superficial deposits. 

Subterranean drainage.— It may be doubted whether all the water 
derived from the atmosphere over this district finds its way to the 
superficial streams and thence to the Indus. The steep forms of the 
ground would show that this must be the case most commonly^ but 
where the superficial form is favourable, the occurrence of large crater- 
like pot or swallow holes, in very numerous localities, caused by dissolu- 
tion of the salt, shows that under-ground channels exist. Springs of 
saline water at the bases of some of the ridges will be readily accounted 
for in this way, but the percolating water may be much in excess of any 
which comes again to the surface within the district. Where it may 
do so is very doubtful, and it seems strange that the w]|ole drainage of 
so large a salt-bearing area, most of the streams in which are saline, 
should have so small an effect as to be unnoticeable to the taste in the 
waters of the Indus below this region, and but slightly so even in the 
larger streams of the district itself, such as the Tiri Taui, the water 
of which has more frequently the predominating taste communicated 
by the shdr of the country ^ than that of water saline from edible salt. 

Physical geology.— As may have been gathered from some of the 
foregoing remarks, the physical geology is closely connected with the 
physical geography of the district. The ridges, ranges, and valleys, not- 
withstanding some extraordinary complexities (which will be pointed 
out), may be considered as long waves in the strata, many of which 
might not inaptly be compared in form to the breaking rollers of a 
heavy surf. The anticlinal portions of these waves show every sign of 
intense lateral pressure in north and south directions, and the forms of all 
have been greatly modified by erosion. 


• Called kdrd paM or kuora pani all over the ooimtry in oontmdietinction to mtta 
pant, Bweet or iVerii water. 
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• The cross drainage of the oonntiyi already alluded to, shows that 
these nuiges and vall^s, instead of merely directing the flow of the 
meteoric waters, as would at first appear, are themselves but the result 
of its powerful and long continued abrading force. 

It is clear that the gaps through which the rivers now escape aorosi 
these ridges must have been oommenoed under a veiy diflTerent state of 
things, at a time when tne ridges, as such, did not exist, these and the 
whole of the present surface being then buried beneath the soft strata 
of the plains. 

There would seem to have been a depression over the vallqr of thp 
nri Taui from an early period, in gravitating towards which the streams 
found it easier to dee^Hin their former channels than to force a passage 
through masses of the tertiary sandstone series towards either the Indus 
or the Kdram. Notwithstanding this, the greatest effect of the meteoric 
water in reducing the general level of the country was undoubtedly 
prcnluced upon these softer tertiary sandstones, &c.; the harder limestone 
and beds supported by it being left in relief, the present features of the 
ground were thus carved from the mass. 

Structure of the ground . — Perhaps the easiest way to realize the 
structure of the ground is to follow the more open and less disturbed 
curves of the sandstone and argillaceous rocks occupying the valleys. 
These, with many minor undulations, are found forming troughs, the 
strata at the sides rising steadily, where not interrupted by dislocations, 
towards the anticlinal ridges, and re-appearing with the same general 
character in the valley on either side. From this it would follow that 
the rocks of the ridges must be older, and as these, largely, if not entirely, 
belonging to the same great tertiary formation, pass conformably 
beneath the beds of the valleys, the simple alternation of anticlinal and 
synclinal curvature might be expected to succeed. The case is, however, 
different, the strata rising steadfly towards the ridges become steeper, 
vertical, and ultimately overthrown, so that along the sides of nearly all 
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the ranges, instead of finding the sandstones of the vallq^s regularly 
underlud by older layers, th^ are, where not artually faulted, very 
commonly inverted, being inclined at strongly marked angles the wrong 
way, as it were, dipping towards the axes of the anticlinal ranges, and in 
some cases absolutely reposing for large spaces, in inverted horizontal 
order in such a way that the lowest rock of this portion of the series, 
the nummulitic limestone, has been fonnd (just outside the limits of the 
district mapped) for the width of more than half a mile, forming an 
undulating horizontal cap, resting upon rocks which are absolutely newer 
than itself I* 

* The Mction hare doie to Kotejne on the Eohet Tanf is lo exprefsire of the compli- 
oations of the diatrict that it ii giren below. The invenion extends along the strike for 
more than seren miles. 



Fig, 2. Ssotion near Kotsjne on the KohSt Tanf, sbont one and a half miles. 

2. UypBum and gypseous series. 3. Red olay aone. d (a). Lower nnmmnlitio- 4 (3). KummnUtie lime- 
stone. S. Tertiary sandstone series. 

The beds on both sides of the gypsum are not the same exactJly, there being but 
some 25 feet of purplish red day seen to the sonthward, containing a daggy purple band, 
a green baud with malachite stainingi or fllmi^ and becoming sdonltic for 4 feet near the 
gypsum, with thin fibrous limestone layers haring cone-in-oone structure. To the north, 
these latter layers are much more dereloped, orerlyiug a bed of greenish shale with concre- 
tionary yellow marly nodules of limestone. The cone-in-cone beds contain lenticular 
bituminous patches^ smelling strongly of petroleum. Greenish shales are more largely present 
here also, and contain fiaggy limestone layers, with traces of plant fragments in the days 
or shales. These beds are succeeded on this side by red days whioh immediatdy overlie 
the gypsum southward, but are more largdy devdoped here. The thin and dialy lower 
part of the strong nummulitic limestone succeeds to the southward, overlying the mote 
soUd limestone in inverted order, this limestone itsdf resting upon the tertiary sandstones 
as diown in the sketch, though really the latter axe the newest beds. 
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• There is often a startling similaTiiy in these inverted sections to a 
true ascending instead of a descending order^ and were it not that within 
the district at the extremities of some of the anticlinal ridges the rocks 
are found in their proper or normal orders instances would have to be 
brought forward from various external localities to show that the ordi- 
nary appearance of the sections along the flanks of the hills is fallacious. 

The abnormal relationp described are not limited to one side of each 
anticlinal ridge, but seem to be> on the whole, more largely developed 
along their southern aspects, and though no persistent regularity of the 
inversion points strongly to overthrow from the north, the balance of 
evidence may slightly indicate a preponderance of force or thrust from 
that quarter. 

From what has just been said, it will be seen that, at all events, in 
the country under notice, the great regularity and steady dip to the 
north-west asserted to exist in this region (Vcrchere, Jour. As. Soc., 
Bengal, 1867, p. 92,} partakes somewhat of an imaginative character. 

In considering the general structure of the country we have thus 
a large series of sandstones and clays overlying a comparatively narrow 
but strong zone of nummulitic limestone, both forming open synclinal 
troughs, between which rise long, narrow, approximately east and westerly 
anticlinal ellipses, the forms of the latter being well defined by the lime- 
stone zone coinciding with the hill ranges. Down to this limestone, 
order, though complicated, exists, but below it disorder, and structural 
obscurity is the rule, the interiors of these ellipses being occupied by 
disturbed soft strata of clay or shale and sometimes sandstone, by 
quantities of gypsum and by harder amorphous or distinctly bedded 
masses of rock-salt. 

The latter is the lowest rook known with any certainty to exist in 
the distnet. Such is the state of confusion and concealment however, 
that the salt might well be locally absent, or lower clays exposed. 

The overlying gypsum is frequently well stratifled, but its contor- 
tion and didocation diminish its usefulness in explaining the internal 
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fltmcliiire of the hills, though where the seotionB are olearast, its stntiliea- 
tion and that of the rock-salt, which is fireqnentlj wdl marked, display 
sufficient conformity with the general anticlinal structure, however dis- 
turbed, to warrant the conclusioD that a conformable sequence exists 
throughout from the sidt up to the newest sandstones of the valleys. 

Sjfstem of dieiurbaHee.—The system of disturbance producing the 
approximately east and west anticlinals and synclinals is common to 
other parts of the Upper Punjab, though here complicated not alone 
by inversion, but by faulted dislocation, coincident with the resultant 
features, and usually manifest near the bases of the hills, as if original 
lines of weakness had initiated the curvature which occasionally relieved 
itself by fracture of the strata. All these lines of disturbance assume 
a rude parallelism, and none would appear to radiate from the centre 
of an area of depression.^ 

As a probable consequence of the relations bet wee)| elevating forces 
and the resistance to be overcome, most, if not all, mountain are 

narrower than the plains from which they rise; so the anticlinal ridges 
here, regarded separately, are narrower than the valleys, still sufficient 
irregularity exists in this respect to suggest that the circumstance may 
be accidental. 

The structure of the ground described can of course be most 
accurately known, only within reach of observations over the surface, 
yet it may be fairly inferred for concealed portions of the synclinals ; 
what the forms of the denuded portions of the hills may have been it is 
of course difficult to conceive or restore where opposite sides of the 
anticlinal folds exhibit stratification which would diverge of 

approaching over their axes. «The most natural supposition seems to be 
that the arches produced by lateral pressure were once much wider, 
and that either continued or repeated compression in the aama direction 


• Oomidering the iSralti and SezuTCi ai produced bj horiioutal force, the diatriet 
would eaemplUy a leriee of antidinala and ejndinala intenpened with iknlte.*' See 
paper by Herd. O. Fiaher. Geol. ICag.. 1874 p. 66. 
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forced the 'springB* of the arches towards each other till the upper 
portions under this pressure, combined with that of their own weight, 
assumed a position reversing the natural order of the beds, in those 
places where planes of dislocation did not allow of one segment of 
a curve becoming displaced. That the arches were complete and at one 
time covered by some at least of the newer sandstone strata is suggested 
by the cross drainage of tilt country and proved by the fact of consider- 
able fragmentaiy portions of the latter rocks once crowning an arch, 
being now found located among other disordered masses within an ellip- 
soid of ihe limestone, nearly beneath their original situations. 

Though the hills are not of great height, seldom exceeding 2,000 
fct^t above the valleys where such pressure has been exerted, the struc- 
ture of the ground points to a former much greater snperficial area, 
occupied by the rocks, quite os well as if they hod gone to form higher 
mountains. 

Former greater euperjicial area of rocis.— If the curves of the 
strata be followed and even roughly restored to borizontality, it may 
not be too much to assume that the strata of the district under notice 
would before their contortion have reached in a north and south 
direction at least one-third further than they do at present, but the 
estimate can only be approximately made. 

This district differs from neighbouring ones eastward in the greater 
variety of the rocks exposed by these convolutions of the strata; hence 
it may, not unreasonably, be presumed that the floor of the country, 
BO to speak, stands generally higher (for instance, than that beneath 
the Potw£r region), and is gradually rising perhaps in a westerly 
direction, thus bringing the nummulitic limestone and beds below it 
more within reach of the influences by which they were exposed. 
Either this, or a general diminution in the thickness of the overlying 
sandstone and clay rocks, would seem to be the casi^, as all the divisions 
of the latter recognised to the eastward are found here, and both regions 
are highly contorted. 
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The rocks of the district^ of which some account is now to be given^ 
may be classified in their natural order of supeiposition as follows 

SuPBBnoiALSBPonn ...J DUaviam, nn4j rlTer deporito. md, recent cou- 

i glomerate, and detrltoe.— ThickneeB irregular. 

fniw.T»iiiA»TSA»BMOK».*c....f wiiitonM ttd Chr enwlomwrte. ud 

Nah VB ? ...J ^ boulder or pebble beds ; 600 to 1,600 fleet. 

Iuddu Tnxun S^hmiosil Ac. f pronUh nndaUnM ud dnb ornddiab 

^ daye, with bonce and foeeil timber ; 2,000 to 3,000 feet. 

’ Harder gray and purple eandetonee, bright red and 
purple claye, elightly calcareoua and peeudo-eonplome- 
ntie bande. Bone beds occur below, also obeeure plant 
ftagmente, apparently oxogenona foaail timber, and in 
plaeee near the beae a thin layer of etrongly ribbed 
biimlro ahella, in bad etate of preaervation ; 3,000 to 
3,600 feet. 

r Nuninmlltic limeetone, AlveMna bede more alialy^ 
r II pvBB N UM1CUI.1TXC ...< limeBtone with a oherty band, contain Ooiirepod aectioua, 

Caereral HieoZeef, dsc. ; 60 to 100 feet. 

Bed clay, lavender coluurcdl 

g f Sandatone with NumtutUiei or thick 

i 


DvGBHAI ...LoWICB TbBTIABT SABnaTOHB, &c. ..X 
(on Moeubb BBoa.) 


SUBITHU 

(Koobmb) 


llBO CLAY 
L XOVK. 


at top with NuwmuUiiB in 
one locality J one or two aand- 
atone bands near top contain 
focail bone ftagmeiita; 160 to 
400 feet. 




gieeniah dlay^ and llmeatono bands, 
loealljf doveloiSf 6sl0w or at place of the 
red day xone} 100 to 860 Ibot or more. 


(Ofaerer.)— The red day sone is more extensive than the lower unmmulitic beds. 

f White, gray, and black gypsum with bands of dark 
gray day or black alum shale, gypsum, aometimea im- 
pregnated with petroleum or bitumen, alum shale gene- 
Irally ao ; aeries, 60 to 300 feet. 

Bock-aalt aasociated with bode of clay and sometimes 


'Gtpbuk 

Nukvitutic 
(Eoobite) • 

PaO]IABI.T. 


( 


LBook-bali 


... ...s earthy impurities. The upper part bituminous and 

(base unseen, 800 to 700, or 1,200P 

Soek^'SaU.—HvJs.iug the rocks of the foregoing list in the order of 
their age^ the rock-salt, being the oldest, claims attention first. 


As a rod largeh/ exposed , — This mineral occupies an important place 
as a rock in some parts of the district, notably in the vicinity of Bahddur 
Eh^l, where it forms high detached hills, cliffs, and naked exposures on 
both sides of a small stream valley (see Frontispiece) for a distance of 
four miles in an east and west direction, having a maximum width 
exceeding a quarter of a mile or 600 yaids. 

For four miles more to the eastward it is slightly concealed by 
debris or visible in many places, the sunken asiiect of the ground full 
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of large crater-like holes proving its presence now or fonnerly imme- 
diately beneatbj while throughout tlie distnot it is frequently exposed^ 
generally forming precipitous outcrops within the elliptical boundaries 
of the nummulitic limestone.* 

The exposures vary in siae from the enormous one at Babddur Khdl ' 
to others of a few feet and less. 

Colour and ckaraeier of iko oaU. — ^Tbe salt poBsesses a characteristic 
whitish or gray colour all over this regioUi its texture varying from a 
highly ciystalline mass^ the most common form^ to a somewhat earthy 
salt intermingled with some blue or grayish finely divided clay. It often 
contains blotches of transparent crystalline salt (siisAi %im%h of the 
natives)^ giving it a conglomeratic appearance and rarely minute frag- 
ments of gypsum projecting from the weathered surface of the rock. 

The earthy impurities are most common in the western part of the 
district, where the largest exposures of salt occur, but even here only a 
few subordinate bands are considered unfit for working, nor is it at all 
certain that if such large exposures of salt occurred elsewhere, these 
slightly earthy bands would not be found, for in some of the eastern 
exposures, as at the Zaino quarries, there are also layers of salt less pure 
than usual. 

The impurities at both ends of the district, slight though they be, 
would have some importance if they might be taken as any indications 
of original limits of the deposit in these directions. 

Much the greater portion of the salt is remarkably pure, and, so 
far as is yet known, without a trace of contained or associated salts of 
another class, such as the potassa salts of greater economic value. 

In the eastern parts of the district, besides the foreign matter pre-* 
viously noted, the nppermoet portion of the salt, which u also the most 
impure, is frequently bituminous and sometimes slightly pyritons, this 

• The varioiupUus«at wbiehroek^tltisMuor knows wiU be mentioned In 
further on. See Fort II end Appendii. 

D 
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salt and the adjacent gypsum smelling strongly of petroleum. The bitn- 
miaous salt prevails, however, only for a tew feet from the upper .surface 
of the deposit, though layers of bituminous or fcetid clay may be found 
apparently in the body of the salt-rock, through large portions of which, 
even when seemingly pure and crystalline, freshly broken samples have 
still a faint odour of naphtha or petroleum, specially observable at 
Jatta.**^ 

Chmposjfioa. — Specimens of the salt sent to the Laboratory of the 
Geological Survey of India have been examined by Mr. Tween with the 
following results. It appears that the better portion of the Bahadur 
Khfl salt contains less sulphate of lime (gypsum) than the purer look- 
ing salt from Mlilgin, while there is but little petroleum present in any, 
that little being, however, often very perceptible to the senses. 

Clean salt from Bah&dur Eh^ had this composition— 


Chlorine 

... 

... 

... 69*62" 

Snlphnrio add ... 

... 

... 

... 1-6 

Lime 

M. 

... 

... 106 

Sodium ... 


W. 

37-47 

Ineolable 

W. 

... 

•46^ 


The relative characters of other salt specimens from the district 
may be seen from the following table 



• Roek-ialt fnqoenily oontaiiii ndmiztnret of bitameo, clay, &e. : Cotta, ** Rocki datti- 
Rad and deiorlbed," p. 362. 
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On this subject Dr. Warth remarks the analysis seems to justify 
expectation. The natiTCs assert the Eohit salt to be less saline to 
the taste than the Cis-Indns, and it appears they we right as far as 
the admixture of foreign salts is concerned ; it is the Utter which give 
a more intensely saline taste to the rock-salt of the Cis* Indus mines.** 
Annexed is a comparative table of the chemical constitution of the 
** Kohdt salt as compared w'th that of the Mayo Mines in this respect. 




Ko. 1. 

No. S. 

No. a 

1 



Kohtfiaalt 
amdjala above. 

. 

Pure trad# ealt, 
Uajo Mlaea. 

ImDwa waate aalt. 
Mayomiiaa. 

Inaolubto matter 


0*1 

Traea. 

lt> 

Sttl|rtMte of Umo 

Maanaaia ...I 


■ rt i 

i ! 

0*0 

M 

1 

CaSMum 

Sulphate*. Sc. «.J 


. 0*0 

1 

1*7 

! 

0*1 


** From this it is seen that the Kobat mineral contains no foreign salts 
** at all^ while the licst Cis-Indus salt contains almost 2 per cent. Further, 
'' the Koh&t salt contains a considerable amount of sulphate of lime and 
of insoluble matter, approaching in this respect the bad salt (No. 8 above) 
** of the Mayo Mines. Thus the salt of Bahddur Kh61 is purer than 
that of the Mayo Mines as regards foreign salts, and less pure as r^ards 
** insoluble matter and sulphate of lime.** 

Stratifieatwn, — Except where the salt is very massive and crystal- 
line, its stratification is generally well marked, though sometimes con- 
cealed in the eastern quarries partly from the homogeneous structure 
and partly by the marks of the miners* picks. The slight admixture 
of cUy at the western exposures favours the recognition of the lines of 
bedding which are frequently as clearly seen as in any other rock, and 
which also determine the local method of working. 


• MS. bitar. May 1874. 
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Tiicknest , — Using Jihese bedding planes and their inclination -by 
which to calculate the stratigraphical thickness^ the mazimum thickness of 
tbe salt-rock in one part of the Bah&dur Khdl exposure is thus found to 
amount to no less than 1,280 feet in round numbers. So that even 
making a large deduction for any slight alterations in the angles of in- 
clination to say the salt has here a visible thickness of one thousand feet 
is apparently considerably within the mark, for the section giving this 
thickness ends both ways in salt. Even on the spot it is difficult to 
realise this great thickness as being true. Yet almost every bed from one 
side of tbe valley to the other might be counted, and their steep northerly 
dip is palpable. In mentioning the detailed features of this locality, 
some facts will be noticed which might strengthen the suspicion that 
an exaggerated appearance of their original thickness obtains, but this 
could only be reduced upon supposition, while, however produced, the 
measured thickness is a fact. Both east and west of this measured thick- 
ness, the salt has an anticlinal structure reducing its%ulk, but here it is 
also much less exposed. In other parts of the district large thicknesses 
of one, two, and three hundred feet of salt beds without any alternations 
of unworkable salt are exposed, but in no case can it be said that the 
bottom of the deposit or deposits is seen. 

Manner of ewposure.— Tbe salt is here associated with gypsum, as 
is commonly the case, the gypsum also, as in perhaps a large majority 
of instances where both are present, overlying the salt This gypsum 
being less soluble by rain water occupies an enormously greater superficial 
area than the salt; and the association of the two perishable rock 
minerals with masses of soft gypseous and other clays within the anti- 
clinal curves of limestone in situations subjected once to great lateral 
pressure, and subsequently, from their superior elevation, favouring the 
action of the denuding agencies (to which th^ are still exposed), is 
doubtless the reason why the rocks in the interior of the nummulitic 
ellipsoids present sudh a broken, confused, and concealed state of irregu- 
larity. Amidst obscure masses of gypsum covering and undulating over 
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broken hilly ground or dieturbed mMees of clay, the aoft atrata below 
the nummulitic limeatone, or under quantitiea of auperfioial ddbria, 
deeply cut ravinea aometimea expoae the aalt along their precipitoua aidea 
for considerable distances. In other places the local fall of a portion of 
the clay and i&ms at the head of a small nallah may allow the salt to 
be seen, the action of rain water sometimes tending to enlarge the ex-' 
pOBure, sometimes to cover r.ud conceal the salt again. 

In most places it presents vertical or approximately vertical faces 
from the rapidity with which it yields to the action of the atmospheric 
water, which also cuts it into pillars, spires, and strangely fluted or sys- 
tematically grooved forms, with sharp edged dividing reliefs, the hollows 
all leading up to points. At some favourable situations where the salt 
contains a percentage of clay, the slow solution of the former leaves this 
behind, and thus the rock-salt becomes covered by a heap of dark gray 
saline earth forming a coating which must ultimately act as a protection 
to the mineral beneath. 

Joints or such divisional planes are rare in the mass, yet some 
strongly developed, approximately horizontal, joints have been observed, 
traversing salt escarpments or outcrops. 

8 f rata that way underlie the eali unknown , — The exposures of the 
salt are not such as to enable any satisfactory observations to be made 
with regard to the possibility of some of the soft associated strata really 
underlying it. In but one instance did the quarrymen admit that this 
had ever been penetrated by their working, llie statement was founded 
much on hearsay, and to the eflect that below the salt at one of the 
Jatta quarries ^ eheenkow^* the ordinary gray, gypseous clay found with 
the gypsum had been reached. There is perhaps some probability that 
in so disturbed a region, if there existed any strong zone of gypsum 
or harder rock immediately below the lowest visible salt, it would 
its appearance in one locality or another, but there being absolutely no 
data to limit the depth of the nearly horizontally bedded salt over a 
great portion of the ground in which it is seen, speculation as to what 
may underlie it becomes involved in the greatest uncertainty. 

( 133 ) 
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Continuity of the ealt. — Where the ground is so much obscured, it 
is of course difficult to say whether soluble strata of salt may not have 
been entirely removed by infiltration of fresh water from certain local- 
ities, and thus it becomes impossible to determine the presence or absence 
of a continuous salt zone throughout the whole district. For the 
same reason it may not be presumed that where the mineral is elsewhere 
exposed, it has the same great thickness which it exhibits at Bah&dur 
Khdl, and it is quite useless to attempt to speak with certainty of the 
extension of the salt even from one exposure to another when these are 
separated by any considerable distance, the probability that it does ex- 
tend being of course increased as the exposures approach each other. 

Difference between thie ealt, that of the Salt Range ^ and other ealia*— 
The differences between the general characters of the Koh&t salt and 
that of the Salt Kange are vastly more marked than the similarities 
to be found between them, and the associated series in the two districts. 
Among the former may be pointed out that the salt-rock here, wher- 
ever traceable connectedly for any distance, forms one enormous stratified 
deposit from top to bottom without alternation, with sharply defined 
bands of (kullerj saline clay intervening between thick zones of purer 
salt, as in the Salt Bange. Another marked difference is that of colour, 
nothing resembling the red or pink Cis-Indus salt having ever been 
observed in this district. The bright-red gypseous marl of the Salt 
Bange has no representative here ; the clays most closely associated with 
the salt and gypsum being gray like the salt itself. 

A deep blood-red, rather than scarlet, zone of clay in this Kohdt 
district, entirely different from that of the Salt Range, and sometimes 
by its washing down discolouring the debris overlying the Koh&t salt and 
gypsum of a reddish tinge, occupies so far a somewhat similar place, 
that in both cases the salt is succeeded by gypsum and the latter by a 
soft red zone, but in the Salt Bange the red marl and gypsum are more 
closely associated, and may even alternate in thick zones, while the red 
clay here exhibits plainly a distinct horizon of its own and contains 
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gypsum only in thin cross veins or flaggy layers close to its junction with 
the mass below and in no considerable quantity. There are other dis- 
tinctive characters besides to .be mentioned in their proper place^ and 
the slight similarity^ so far as position, docs nothing towards establishing 
any degree of identity between the deposits. 

The whole, aspect of the salt here is also diflerent ; none of the 
compact variety used al(>ug the Salt Range for turning into ornamental 
utensils occurs here, nor any furnishing the fine large cubic crystals 
which make up whole beds at K^fibdgb. The only approach to this is 
in the blotches of Bkuhi nimuh, from which, when of some size, beautiful 
crystals may be cleaved exceeding in transparency those of the last 
named locality. The absence of foreign salts here, which have been 
found disseminated and as a separate deposit in the Salt Range salt, is 
another point of dissimilarity ; as is also the impregnation of some of 
the salt here with mineral-oil, a feature not observed in that locality, 
though bituminous shale and clay, much associated with the gypsum 
here, occurs there also in one small baud or deposit, with the gypsum 
of the Kheura gorge. 

lu a word, the salt deposits of the two regions arc so strikingly 
unlike that even small samples, if not reduced to powder, are declared 
capable of being sworn to with confidence by those whose duty it is to 
prevent the Koh£t salt from entering the country on the other side of 
the Indus. 

The rock-salt of Persia lying far to the west of this district has 
probably no close connection with that in Koh£t, as the Persian gypseous 
series, (and the salt) werliei the nummulitic formation, (Blanford, Quar. 
Jour. Geol. Soc., Loud., Vol. XXIX, p. 501). 

The salt of the once famous island of Ormuz in the Persian Gulf is 
of rather uncertain, but possibly early tertiary, age, and in its manner 
of occurrence aseociated with volcanic rocks, (dolerites, trachytes), and 
micaceouB iron, presents no analogy with that of the Kohdt diatrict. 

( 1»0 ) 



32 


WITNXS: TBANS-INDUS SALT BKGION; KOHXt DISTRICT. 


The Matidi salt in the flanks of the outer Himdl6y& is apparently 
diflbrent from this, both in its impure earthy composition, in having no 
associated gypsum, and in the age of the socks amongst which it occurs.* 

Of other rock-salt exposures in the Himfl&y£, in High Asia^ and the 
neighbourhood of the Caspian Sea mentioned in Dr. Karsten's volume, 
(previously alluded to), little is known, but it is worth noting his record- 
ing the frequent occurrence of petroleum with that of the latter locality, 
taken in connexion with the bituminous impregnation of the salt here : 
indeed, he seems to argue from the existence of earth-oil in Italy that 
rock-salt would eventually be found in the same localities.t 

Age of ike salt . — ^The attempt to fix the predee age of the Trans- 
Indus salt is beset with difficulij on account of the absence of palaeonto- 
logical evidence near it from which to reason. It has been stated to 
differ entirely in itself and its immediate associates from the Cis-Indus 
salt, but when the whole of the adjacent sections a^ examined the 
disparity increases. In the Salt Bange the salt series itself is one of the 
most constant features of the geological sections. Another less constant 
group is the nummulitic limestone, but between these at various places 
are interposed silurian, carboniferous, triassic, Jurassic, and cretaceous 
formations, besides unfossiliferous groups which have only received local 
or provisional names. Even where the Salt Bange series is leant ample, 

* Mr. Medlieotf ■ opinion that thii lalt it uiooiated with the Krol (Triat P) rocka it 
recorded in Geological Surrey Memoin, Vol. Ill, pt. 2, p. 60, etc. Dr. Warth*a notes 
made at the place coincide with this view, hut Mr. Theobald, who hat alto riiited the deposit, 
hat teen tome reason to belieye that it does not belong to the older teriea, but it of eocene 
agcb when it might represent that of the Kohdt district. Dr. Jametoir*i attempt at cor- 
rdation of the Mnndi and Salt Bange salt it open to wery oomideraUe doubt (Jour. At; 
Soe., Beng., Vol. zii, 1848, p. 218), and it unlikely to be correct. 

t In connezion with tbit lulgeot we also Snd that *'a rurj rich <dl-wdl was Just db« 
eorered in Nandbaita, Buttia, on the shore of the Oaq^ian Sea.*' After boring 180 feetoil was 
found, whidi flowed for 80 minutes. This was followed by a deafening noise accompanied 
a alight earthquake, after wUeh a Jet of clear water, eeiy gaiine, bunt forth with great 
▼iolence, running fbr nearly half an hour. Since then from 1,600 to 2,000 pailfiillt of oil 
hare been drawn out.— Colliery Guardian, April 7th, 1866, quoted in 'Geologieal Magasina,* 
VoL III, p. 887. Italiotourt. 
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Ihc Sill! anil gypsum lie Imricd below some five thick pulosozoic and 
mcsozoic groups (from the base of the nummulitic downward) « forming 
many hundreds of feet of rocky strata. Here in the Kohat districti 
however, the salt and gypseous scries is only separated by a band of red 
clays, averaging about 250 feet, from the fossiliferous basal beds of 
apparently the same nummulitic limestone os that of the Sait Range 
series. No unconformity ?*’ observable in the «k»etion6 here, nor is there 
any established in those of the Salt Range above mentioned either. 

Fuiiher than this there is not alone presumable parallelism of posi* 
Hon from the Kohat nummulitic scries downwards, but in tracing the 
boundaries of the formations at least one thin band of salt was found, 
KcpnraU'd by a 1 bicker layer of dark bituminous gypsum from the mass 
of the salt below. Again, the gypsum was found to alternate with 
liniestone beds or thin layers in some places, and even above the red 
elay zone succee<ling the moss of the gyj^sum, strong bands of the latter 
were found locally intcrstnitlficd with the basal portion of the nummu- 
litic series. Tlicsc alternations would appear to indicate a long period of 
trancpiil conformable deposition ext<mding from that during which the 
salt was formed up to the time of the nummulitic limestone, a period 
in the course of which the conditions necessary to such alternations were 
partially or locally recurrent. 

Throughout this lower part of the TransJndus scries the evidence 
of organic existence is scanty and uncertain. The fine gray clays asso- 
ciated with the gypsum here and there contain small fragmentary 
traces of grass-like plants, and a few obscure shell impressions occur in 
some of the accompanying limestone layers close to the gypsum ; while 
further up in certain bands of sandstone near the top of the overlying 
red clay zone some broken fragments of bones have Ijeen detected, but 
none of these afford any grounds on which to separate the saline lower 
part of the series from the nummulitic rocks above. 

Dr. Verchere, while leaving the age of this salt undecided, seems 
to have followed others in assuming that it formed a continuation of that 
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of the Salt Kange^ and on the evidence of some shelly limestone layers 
containing minute unrecognisable fragments^ near Bahddur Khdl> at the 
base of the nummulitic group^ has apparently considered the jurassic 
formation to be present^ and has introduced a colour to represent it on 
his map at that place, (paper already quoted, Jour. As. Soc., Beng., 

1867 , p. 26 ). 

A careful search for Jurassic beds at the locality only resulted in the 
discovery of some thin limestone full of broken shells, apparently of 
oysters, which may be those Dr. Verchere mentions. Such beds are not 
uncommon in other parts of the district among the inferior layers of the 
nummulitic limestone and underlaid by other lower beds of Ibat forma- 
tion containing NummuliUi^ &c., sometimes in abundance. Hence the 
introduction of an older formation than the nummulitic, on what may 
have been no better grounds than mistaken identity, has been avoided. 

Failing the discovery of any clue leading to a^^ore satisfactory 
conclusion, we are forced to draw upon probability in the effort to assign 
a place geologically to this Trans-Indus salt series. 

To follow the vague indications of early writers, and assume that 
this salt series is an extension of that of the Salt Range, involves the 
acceptation as facts, that the salt and gypsum here are not more recent 
than Silurian ; and that in the Salt Range region now at a distance from 
this of say thirty^ to ninety miles, (while the salt series was being 
gradually covered up by seven different thick palseozoic, mesozoic, and 
cainozoic formations) conditions here underwent little change, and noth- 
ing was deposited after the main body of the gypsum to mark the lapse 
of so many great geological eras except a comparatively thin accumula- 
tion of ferruginous mud ! 

It might be said that the Upper Punjab formations are all excessively 
•subject to lateral change, and that scarcely one formation or group is 

* At one plfuse north of E£lib&gh the eelt of the Loon (L6n) nalhih belonging to the 
Salt Range aeriei ia found witiiin about eighteen milee of that belonging to thia diatriot at 
Nnndrukki. 
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constantly present alon^ the whole of the Salt Range itself; the salt 
series at its l>ase being one of the most constanti and therefore that the 
absence of many divisions of the rocks here would be no uncommon occur- 
rence, but then it is known that only ton or fifteen miles southward of 
the Koh6t salt tract palseozoic^ and mesozoie rocks were deposited, car- 
boniferous, Jurassic, and cretaceous groups occurring in and near ChiohaH 
pass ill the Soor (Sdr) ghar mountains close to the Sheen (Shin) ghar 
range, while one or both of the latter formatibns may bo found among 
the mountains just to the north and north-west of Kohat at a distance 
of twenty miles from the salt region. Thus, unless the salt series of this 
district formed dry ground, a most extraordinary cessation of deposition 
which was going on around within some milesf must have taken place 
during the two great early and protracted periods of palieontological 
time. If it were dry ground however the existence of unconformity or 
any traces of ancient denudation are wanting to corroborate the fact, 
and of all known varieties of rocks, soft clays, gypsum, and soluble salt, 
seem to be among those least caleiilated to preserve their original surface 
of deposition, or to resist the action of atmospheric denudation during 
ccniiitleas ages. 

There being no signs of the removal of the ancient formations from 
above the salt, imagination fails to suggest by what barrier deposition 
could have been arrested during such a lengthened time, and it is thci'c- 
f(tre well nigh impossible to believe that this salt series can be iu any 
degree contemporaneous with that of the Cis-Indus area. 

* Carboniferoui both sides of Chichuli' pass. Flciiiiii|r*s report, cit. pages Z61 and 401. 
The juiatiic and cretaceous groups weie seen hero bj tlie writer and ideiitifted by 
I>r. Waagen. who thouglit some of tho lower beds might possibly be triaisic. Tbc carbout* 
ferons beds do not appear in the Pass aoctioii. 

t Distanees to which the former eipansiun of trd in north and south directiuna may 
be added. 

A sacred saline spring giving off iiidammablo gas has also been lieanl of near nr on 
Hr. Medlioott's Uuinber fault near Juwala Muki. a doseii milcM or an wi*stwanl of Kaiigru, 
also in the tertiar\ rocks. 


( ) 



36 


WYNNE: TUANS-INDUS SALT IIBGJON, KOUXt DISTRICT. 


This line of enquiry eug^gests one improbability after another^ and 
when these arc contrasted with the appearance of parallel aequcnce 
previously described^ weight may be given to the consideration that one 
of the minerals forming a rocky band in the salt series^ namely^ gypsum^ 
is of common occurrence in varying amounts among the early tertiary 
rocks of Northern and Western India; for instance^ in Kutch^^ at Lynyfinf 
in Sind^ in the Subithu ferruginous clays of the Simla country^ and 
along the northern side of the neighbouring Potw&r plateau^ extending 
up into the Murree hillsj§ associated with red or variegated or greenish 
gray claysj as here. The inference from this is that some at least of 
the conditions by which certain of the results were produced here existed 
widely at the commciicomcnt of the tertiary epoch. 

Besides this there are salt and petroleum springs in Burmnh^H which 
rise from presumably lower nummulitie rocks^ and in the Nun or Lun 
river below Masuri a salt-spring also occurs in the tertialy scries.^ 

There is a strong brine spring issuing close to nummulitie limestone 
south of the Bakrdlu ridge at Kalr4 north-west of Jhflam, and some 
weaker brine springs arc reported in the Subathu rocks of the Potwdr 
plateau westward by north from Fatchjung, a considerable town near 
the petroleum wells of Gauda^ some thirty miles west of Bawdl Piudf. 
An analogy between the sources of the salt of these tertiary and lower 
tertiary brine springs^ and the salt of the Kohat Frontier region^ may 
not api)Gar far fetched when it is remembered how great is the extension 
of the nummulitie formation stretching on both sides of the Himdlayd 
from Burmah, through the Punjab^ Afghanistan^ Persia^ Arabia^ Egypt 


* Mcuioin), Qcolugieal Sarwy, Vol. IX, pt. 1, pp. 76k W), tui. 


t Ditto 

dittOp 

Vol. VI. p. 4. 

1 Ditt«* 

ditto. 

Vol. HI. pt. 2. p. 177. 

§ lievords 

ditto. 

Vol. VI, 1873, p, 61. 

11 DitUi 

ditto. 

Vol. VI, 1873, p. 67. 

^ Mouioirs 

ditto. 

Vol. Ill, pt. 2, p. 177. 
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and along Southern Europe to tho Pyrenees (in fact from Spain U* 
China).* 

In a formation so ertensivo, tho recognition of which is traceable to 
the original similarity of certain (eocene) conditions, otliers also may 
well have occurred at wide lateral intervals, and those resulting in saline 
aecoinnlutions ut this period are known to have done so in Europe and 
citiewbcrc. 

It is certainly peculiar that in such close proximity here there should 
be two salt series of great thickness and extent^ one of not younger 
than Silurian ng(‘, and the other associated with nummulitic rocks, a fact 
which is of itself suggestive of strange conditions from earliest times 
having affoett-d tlie region of the Upper Punjab, if it does not point to 
an ancient local and recurring source for the mineral. 

The didcrenccs pointed out in the character of the salt itself, con- 
trasted with that of the Salt Range, together with the diversity mark- 
ing the whole geological section in the two regions, and the difficulty 
of finding an adequate explanation of the absence here of the great 
overlying Salt Range series, seems sufficient to warrant the conclusion that 
the rock-salt deposits of these two regions arc of entirely separate age : 
while the details given and to follow indicate that the Kobdtsalt, if not, 
os ap^icars likely, absolutely eocene, is, at any rate, not much older than 
the base of the nummulitic formation. 

Modern theory of the formation of roch^satt.f—Thia is hardly the 
place to dwell at length on the state of geological knowledge regarding 
the origin of rock-salt masses, which, it appears, may occur in any forma- 
tion, from the silurian, as in the Alleghany Mountains (Abingdon), 
Washington Co., Virginia, United States of America, { and in the Punjab, 


• Fibber, Qcologicul Uttgiuinc, Vol. X, p. 257. 

t Tbe KubjecU rcftimid to iu tbiK section buve frcqncutlv been discufsod with 
lit. Wartb. 

X Kanitcu*i> work quoted ; abu DauaV Mineruluf^y. 
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up to the tertiaiji as in Europe (among the eocene rocks of the Pyrenees^ 
and in Germany)^ as well as here, or above the eocene, as in Persia.^ 

From the way in which the subject is treated by Lyell, Jukes, Page, 
and other authors, it would appear that modem writers on geology 
incline to the belief that rock-salt has been accumulated by the evapo- 
ration of salt-water or the sea, under favourable circumstances, some of 
which may be taken to mean such as would enable apparently natural 
consequences of the evaporation to become reversed — the deposition of 
sulphate of lime (gypsum), which would ordinarily be thrown down first, 
being delayed till precipitation of the salt was accomplished — because 
usually when the two rocks arc present (as in this district) the gypsum 
seen overlies the salt. 

The unascertained influence of high temperature in producing this 
result is alluded to by Page, who says that from the connexion of many 
of these deposits with axes of elevation, it is more thdUr probable igneous 
action had to do with their formation. It is known that salt (chloride 
of sodium) is very slightly more soluble in hot water than in cold, but 
heat has a strong effect on the solubility of gypsum, which forms an 
exception in being so much less soluble in hot than in cold water, that 
by beating a cold aqueous solution containing the mineral the latter 
will become insoluble and be precipitated. Thus, heat which would not 
retard the solubility of salt, nor affect it much in either way, may pos- 
sibly have come into operation to hasten the deposition of the gypsum 
and so influence its distribution. 

The great difficulty as to superposition of this latter rock might 
be lessened if it could be supposed that mechanical destruction and 
recomposition of previously existing gypsum overlaid by salt had taken 
place. Most cases of such recomposition in stratified deposits tend to 
transfer the newer rock on removal to situations beneath the materials 
derived from the older, this being later acted upon. Instances of the 

• Lofbiu, in Qiuir. Jonr., Qeol. 6oc., Lond.« Vol. XI, p. 334, &c. Blanford, iM, 
Vol. XXIX. p. 601. 
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kind will be snggestcd by the action of rivers, by coasts and hollows 
which are bein^ silted up, without the necessity of seismic disturbance, 
or, comparatively speaking, much difl^rence of level* Still it appears 
strange if this were the case that the original order should not be more 
frequently met with in connexion with these deposits ; and, farther, if the 
prevalent arrangement were not the original onC; it would be expected 
that in such great natural salt-pans ns the grand Runn of Kutch, thin 
layers of gypsum would be found underlying the incrustation of salt, 
no instance of which has come to notice* 

The effects of pressure and beat combined have been appealed to 
(Phillips) in order to account for |)OBsibIe conditions under which the 
deposition os found could have taken place ; and these arc indicated 
among other causes (such as chemical and molecular change, percola- 
tion, and magnetic currents) for metamorphism of strata as deposited 
into rocks like these, reasoning based on these suggestions being 
thought likely to lead to a solution of the problem (Pagcl. Besides solar 
eva{K)ration, gaseous emanations of solfataras and mineral springs are 
hinted at by Lycll as capable of connexion with these deposits ; but all 
authorities seem united in the opinion that wo require further knowledge 
of the chemical changes in seas where volcanic agency is in progress, 
of the ancient hydrography of salt regions, the chemistry and physi- 
cal geography of the ocean, before results apparently beyond the 
production of any known operations in nature” can be satisfactorily 
accounted for. 

With reference to heat os one of the conditions among those just 
mentioned, it should be noticed that the presence of small quantities of 
petroleum or other hydrocarbon in the Kob^t salt, if coeval, may be 
evidence against any temperature high enough to have driven this off. 

In conformity with the apparently received solar evaporation theory, 
the salt or sea-water may have occupied a large evaporating haain over 
much of the bottom of whidi it had laid down a deposit of gypsum. 
The proportion of the latter in sea-water is greatly smaller than that of 
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salt^ being: only between ^ and 1 per ceni.^ but the point of saturation 
with sulphate of lime being so much more quickly reached^ gypsum 
might become widely spread^ while the water would not part with the 
salt till continued evaporation had caused saturation thereby and greatly 
contracted its area, (in the case of sea-water the volume of the salt only 
representing ^-’^th of that of the water by which it would be deposited), 
the thick accumulations of this mineral indicating deeper pools left in 
the basin as 'it dried up. Thus the gypsum might occupy a much larger 
original area than the salt, and this area rising round the saline pools 
might contribute largely to the formation of a gypseous deposit capable of 
being mechanically removed to overlie the salt in the manner now seen. 

Dr. Warth has suggested that deep brine pools such as these might 
be overflowed by more slightly saline or non-saline water bearing gypsum 
in solution or clay in suspension, which from its less specific gravity 
would not mix with the heavy brine below until it had|machcd the same 
point of saturation, and that in this way layers of clay or of g:yi)sum 
could be deposited upon, or alternating with, bands of salt, the crystal- 
lization of which would be permanently arrested by larger accessions of 
fresher water. 

Even supposing the formation of rock-salt possible as above sup- 
posed, the very magnitude of the enormous accumulations of excep- 
tionally pure salt-rock in this Trans-Indus district still involves much 
obscurity as to their source, partly perhaps from the slightness of pre- 
sent knowledge as to what is taking place in the depths of many exist- 
ing seas, whose waters must evaporate and be replenished by rain, and 
also by rivers bearing mineral matter in solution from the land ; while 
in some oceans at least the currents are shown by recent research to be 
unfavourable to the separation of saturated brine or the formation of 
rock-salt.^ 

* Dr. Carpentor’B lectures on ocean temperatures and oceanic circulation — Prog.. 
Hoy. Soc., 1872, Yol. XX, 535, &c., on the * Shearwater* Scientific Rescarchcfl— to Royal 
Institution, 1874, March 20. * The temperature of the Atlantic*. 
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Thii may nevertbelew be going on in favourable ntnationa, as is 
said to be the case in a bmd-locked arm of the Osqpian ;* or^ aa has 
been suggested with regard to the Bed Sea, notwithstanding that deep 
ocean soundings in reeent yean have not borne witness to the fast. 

In discussing the circumstances of the salt region under notice with 
Dr. Wartb, it appeared thal if a column of sea-water may dqiosit 
j^^th of its volume of solid saltf it may be roughly calculated that to 
produce the two square miles of salt taken at j^th mile thick at Bahadur 
Kbdl, a volume of sea water of the same depth and 100 square miles in 
area (equal to twenty cubic miles) would be required, and this should pro- 
bably be evaporated to half its original bulk before deposition of salt 
would commence. 

If the whole of the salt deposits be considered to represent a series 
of brine pools formed by the slow desiccation of a once continuous sea, 
the area within which they occur being one of about 1,000 square miles, 
and the salt presumably present over more than ^th of this area, or 200 
square miles, this sea may have had a depth equal to the unknown thick- 
ness of the salt deposits in most of the districts, and a superficial extent 
of 1,000 or 2,000 square miles according as it may have been deep or 
shallow, while if the rock salt be, or was once, conti nuous from one ex- 
posure to another over the whole area of 1,000 square miles, the extent 
of the depositing sea may have been from 50,000 to 100,000 square 
miles. 


* At Km Bngis (?) (i. e.. The Black Qtilf), eiatem aide of the Gaqiiao. The aeon- 
mulation of the wit in this caw nay be aiadoally inoreaaiog, bnt it ia by no maana clear, eo 
far M can be learned, that the aonsew of the wit rapply are not traoeable to the robk-aalt 
atated by Karaten to ooenr eztenaiirely on the eeatem bordera of the Gaquan father than 
merely to its own watera. 

t Biwbof (quoted Jnkw in hia Manual, p. 187.) gifes aaBne matter in aea-water aa 
3*527 per cent, of which 76*786 in 100*000 ia chloride of aodiom. Ihkiiig aea-wittw to 
oontain aixteen times ea much aaltea gypaom(aanie aathority).it ia enrioos to note the afani- 
larity of thia ratio to that between the calculated tlnekneae of the lalt gypemn In the 
BahSdnr Kh51 expoenre. 
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Anything worthy of the name of an inland sea or large lake would 
cover the whole of the salt-bearing oonntiy, as far as extent goes^ and as 
the gypsnm extends much bqrond the salt region^ while all the rocks of 
the district may once have had an expansion one-third greater in a 
north and south direction^ it is probable that the saline water would 
have occupied or exceeded the largest area named. 

This rough estimate will serve to show that ^ according to existing 
natural conditions^ there is sufficient salt in a rocky form in this district 
to have impr^ated all the waters of a considerable sized inland lake 
or sea. The mode of its collection into the form of solid strata of large 
thickness and greater or less horizontal extent, or the conditions under 
which the water would have disappeared by evaporation, conformably 
with what appears to be the most generally adopted theory, can only be 
surmised. 

In the last paragraphs sea-water has been used toi^ illustrate the 
probable formation of the salt, its composition being better known than 
that of the waters of many inland lakes or seas, which might give 
different results, but from a passage in Dr. T. Sterry Huut^s lecture 
on the chemistiy of the primeval earth (Geological Magazine, Yol. IV, 
p. 864), he would seem to believe that " there has been a slow progressive 
change in the constitution of the ooean/^ so that the conditions may not 
now remain tho same as they were when the salt was deposited. 

Assuming these to have been at least similar to some extent, what 
special causes there may have been in operation to facilitate the forma- 
tion of the rock-salt there is little or nothing to suggest. In this 
connexion it may be observed that the eircumstances of deposition 
generally in the Upper Punjab seem from very early paheontolo- 
gical times to have been subjected to strange peculiarities of lateral 
limitation. The thinning out of whole formations may only mark 
absence of material to be deposited; in the case of sedimentary rocks, 
but in those of chemical origin, the depositing seas would themselves 
appear to have been limited or divided by land. Together with the 
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frequent repetition of discontinuity, there is from the lowest to the 
highest groups in some regions such an absence of unconformity that 
through the long list of periods down to tertiary times results of any 
violent local disturbances are unknown, these only being referable to 
causes connected with HimiJdydn elevation and dating from the eocene 
age.* 

In such a vast succession of comparative tranquillity (if the absence 
of older rocks than nummulitic could be explained), time might have been 
adequate and ample for the accumulations of a thickness of salt rivalling 
that of all the known palseozoic fossiliferous accumulations of the Salt 
Range and far exceeding in depth many of its separate groups, some of 
which might even be supposed represented in time by part of this great salt 
series; were it not that even after making allowance for formerly greater 
superficial expansion of the country, there are still no reasonable grounds 
for the belief in such a permanent ^ Swatch of no ground,^ and of no 
deposits existing between the points where mesozoic or more ancient 
deposition is known to have been taking place. 

If we turn to the known natural salt pans of the present day for 
an illustration of the method by which such enormous deposits of rock- 
salt as these were accumulated, it may be strongly doubted whether the 
whole world afibrds anything approaching a parallel case likely to pro- 
duce a similar result. The Bunn of Kutch is a favourite example of the 
natural formation of salt from sea-water on a huge scale, under conditions 
of intermittent floodings by saline water, yet the salt formed there by 
evaporation is only a few inches thick and not sufficient to cover the 
whole of its surfime, while the formation (even if accompanied to some 
extent by re-solution) has been going on for an indefinitely vast period, 
but little interfered with by one of the greatest earthquakes of the 
present country. 

• The oeenrrenee of bonlden of foreign rocki ie not here eontemplated. Altbonsh 
these ooour in some of the oldest gronpe, thcj ere no evidenee of locsl bnt 

imther of tnnqnillit j enshling them to enfaeide. 


( H7 ) 



44 


WYNNE: TRANS-INDUS SALT REGION^ KOHAT DISTRICT. 

The Sambur Lake, another Indian example, fails also to afford a 
paralld to the magnitude of the salts in the case before ns, and of others 
so little can be asserted to the contrary, that it may safely be presumed 
the salt-prodncing lacustrine or lagoon conditions of the present time are 
so unequal in comparison as to have no weight in supporting the idea 
that the causation of the frontier sidt deposits was at all the same. 

The structural indications of the manner of accumulation of these 
salt beds are few and may be briefly mentioned. The frequently perfect 
stratification of the salt plainly shows repeated or periodic deposition 
and cessation, while the occurrence of the numerous cases of oblique 
lamination exactly as in other rocks points to the existence of currents 
in the depositing water. The freedom of much of the salt from visible 
impurities or foreign substances testifies to the clearness of the fluid, but 
it would be unsafe to assert that this water was itself the only source 
whence the mineral was derived. 

The impregnation of some of the salt with bitumen or petroleum is 
the only remote indication of anything organic associated with it, and 
the origin of this is entirely obscure. Salt-forming regions are usuaUy 
lifeless ; no place could well be more so than the Bunn of Kntch ; the 
description of the Dead Sea will be &miliar, and at the Abyssinian salt 
regions, Karsten alludes to the absence of living things as enhancing the 
barren desolation of the dreary scene. 
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J» • rotHh—kt ntoUisr of twUrn tie MAli tha t3fpw u tt 
groap hoMi an important pooitiai ftom Ae laignaMt it Ofan|iMk 
doaely amooiatad with Hm STpaam itadf an oertain IMM 
gmeniBh, oometimM aamoilil^f atmtified, day, ^ton «ontaiid%lnMalB<‘^ 
cent (nyatalline plataa or IragmoDta of adenite wltidi gSatM oil lln 
weathered elopea; liiaae olaya hanre only been fimnd toendoaeinnanirioijl 
of email fragmentaof gfaa»>]ika plania. « 

Ooonrring widi the olaya, and in plaoea aa if bdbir the aain 
gypanm, or both bdow and above it, am bandaof Hmaalone ——dm— 
hard and eompaot, aomatimea flaggy aadtnnamaa|y owaaed by * 
flbroDB oryatallme atrnotnie, which mom or leaa perfimt^ tahM thb «att> 
known form of * cone-in-cone.'* 

Both the gypenm and a oi oeiat e d day have nee i ved fiaim llie nadvea 
distinguishing names, the gypanm bang aa wdl known by the name 
Speenki aa the salt by that of Matga (Pnshtd), andflw daya bflil^enllad 
Sheenkcmra, 

Chataeter and eoMiMy^The gypenm, as indicated by Us Faahtd 
name, is very generally of a white color, allowing itaelf plainty OMb 
dark daya at long distances among the hillai, but it aoaaotiBaaalNM a 
grayish hne,t mom raid|y variegated with deep red ftom daoo mp ooUioi^ 
of iron, and it often in its lower part passes into daly bsdi^ qnUa Uaofc, 
smelling strongly of petrolenm; Ua testnm varies ftom snbeonipaet la 
mom crystalline varieties. 


• CUaeoatridsthedtotaieb * 

t Hie FMrnr gjimai b alw white or gny, md assarfaWlwMb Shfa voiy Se'* 

Skmiimpma * 
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Two ifpedmeiu of tlM dail^odoiixod beda, aaaocMteJ whh Ifio 
^Upniai and aulliiig ationgly of petroleiiBi, examined at the Labontoiy 
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The gnater part of the aolnble matter in No. 2 oonauta of carbonate 
of lime. 


/aifwn^.'—Aa a nloj tiie gypaom is pore and homd^egj^iui, the 
Mty foreign matter ob o arr a ble in hand qpeoimena b«u>g some gray day, 
myatab of non pyrites, oiystals of qnarts, ddomite, or anhydrite in a 
fow j^aoaa, and the Utominons ingredients of the blade portions. 

The anhydrite just mentioned is rare, oocorting in the form of eery 
email, but beantifolly dear crystals, imbedded in the lowest stratnm of 
the gypsom just above the main mass of the salt at Saya Malgeen 

Jhm siafow—idasooiatedi with the gypenm in the eastern side of the 
£striet are me or more bands of blade ahim shale, so charged with 
pyrites as to have formerly udnosd thdr being worked for snlphnr, 
whioh oeoda native in small qnaatities, theresnlt, apparently, of 
ohemisol reaotion goiag on at the places where the shale oeonm, and from 
which ei^pInnoaB gmes emanate. The rook, too, is foeqoently coated 
witii ahun to aadi a drgiee as to aifoot one’s skin in handlingit* 

* Tlr TTiariimi iiiinisli ttat slaw ihalt la i iinl|1iliii«rlnff Miliiliit h » jiniliiit tif the 

WitwaM|hsdsetllgait»tstieisia*a*m rHi i(iieyeoWi aaale^ p ST) 
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The broken and disturbed character of the series renders it difficult 
to fix the place of these alum shales with certainigr or narrowlyi but 
th^ probably form a band not far above the lowest layers of the 
gypsum. In the country lying southward and south-eastward of this 
district two zones of alum shales oocurj one near the base of the nummn- 
litic rocks, the other in the Jurassic series ; these here may be the repie- 
sentatives of the newest of those in the nummulitic rocks, for though 
the associated beds differ, the relative place beneath the mass of the 
nummulitic limestone is approximately the same. 

Stratification.— Tbit stratification of the gypsum is not uniformly 
evident ; in some places the beds appear to be thick and massive, or the 
bedding laminaa are indistinct ; in others it becomes thinly divided or 
flaggy, showing alternations of gray and whiter colour. The lamination 
is rarely parallel ; more frequently it assumes complex folds, sometimes 
on as small a scale as may be observed in the contorted foliation of 
gneiss or other crystalline rock. The alternation of the gypsum with 
the gray clays is in places very distinct, in others most obscure, and 
towards the top of the main gypseous band, this frequently passes by 
alternation of thin layers into the red clay zone which follows. Where 
the soft clay has been washed from between these upper gypsum layers, 
as well as occasionally in other parts where the stratification is clear, 
distinct current or 'ripple' marks have been observed on the surfaces 
of the beds, indicating their having been accumulated in shallow water. 

FooiUi.—T^o organisms whatever have been found in the gypsum, 
and none in the associated gray clays, except the obscure grass-like 
fragments already mentioned, but in a limestone band neaf the top of 
the gjrpseous group associated with gray clays, some small and fragment- 
ary shell impressions were detected. One seemed to be a fragment of an 
oyster, the others might have been anything. 

Waiting.— The solubility of the gypsum by rain is plainly shown 
by the way in which its surface is frequently deeply fretted into minia- 
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tore models of hill ranges^ with serrated knife-edge ridges and deeplj- 
gnllied sides^ or where it is (as is not uncommon) traversed by rectan- 
gular veins of greater hardness, the interspaces between which are 
often eroded into perfectly flat-hottomed hollows like little salt-pans ; the 
surrounding lips of these sometimes have no opening or depression to 
enable the water to drain off, so that the dissolved mineral from within 
can only have been removed by the wind or by overflow. 

This system of rain furrows, dways more or less upon the same 
plan, may be frequently found upon surfaces of homogeneous limestone, 
more fluently upon gypsum, and most largely developed upon the 
exposed exterior of the rock-salt. 

Another result of the solubility of the gypsum is its apparently 
frequent recomposition or rearrangement into a rook somewhat re- 
sembling calcareous tufa. This form of the mineral or j^ock occupies, 
as a covering, much of the gypseous ground, conforming rudely to its 
surface even in deeply cut ravines. Such masses, on being searched, 
may be found to contain some decayed fragments of limestone in 
which are nummulites as well as pieces of other local rocks, and in 
the paste small crystals of dolomite and bipyramidal clear quartz may 
be met with. Unlike calcareous tufa, stems, leaves of plants, &c., do not 
appear to have been preserved by incrustation or replacement. 

The gypsum not limited to one seas.— Though prevalent in great and 
more or less continuous masses, the gypsum cannot be said to form an 
unbroken sheet, its apparent discontinuity being perhaps due to disloca- 
tion or denudation, or both. Nor is it limited either above or below by 
any arbitrary boundary. Thus, in the Malgeen Siya (Mflgfu Sdya) 
hills a layer of salt was seen to separate a mass of dark gypsum from 
the rest above; in other parts of the eastern side of the district layers 
of limestone, or of limestone and clay, were observed near the top 
of the main gypsum mass; beneath a less strongly developed bed of the 
latter, and in about the centre of the salt region, thick bands of gypsum 
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occur amon^ the basal beds of the nummulitic series. They are not, 
liowever, constant, and one was traced till it tliinned out between the 
adjacent beds of limestone. 

TAicJtness.^Tlie disturbed state of the (ground places much 
difficulty in the way of estimatings the thickness of what we may call 
the gypseous series. In one section at Bah&ditr Khdl, the gsypsum has 
no greater thickness than 32 to 40 feet, and the gray clays are there but 
poorly represented. In other parts of the district one is perhaps inclined 
to overestimate its depth from the manner of its exposure, presence of 
superficial gypsum, &c., but in some eases it certainly seems to have a 
thickness of, or approaching to, 200 feet, while with the clays, the whole 
may average more than 300 feet. 

CondUio/is of — Tlie circumstances accompanying the 

deposition of this series as indicated by tlie rocks must have diflered 
considerably from those which obtained during the formation of the 
underlying salt. The clearer waters were now liable to influx of clay or 
mud, and again probably still and clear while the gypsum was being 
deposited, becoming occasionally shallow and subject to currents which 
left their traces, as they do now, in the form of ripple marks on sandy 
or muddy bottoms. 

Tlic amount of gypsum which ivater may dissolve is very small, 
not being more than 2*5 of gypsum in 1,000 parts of water, and its 
accumulation from aqueous solution in the present case would point 
to long intervals during which earthy impurities were not present 
in the water in any quantity, alternating in places with an opiiositc 
state of things when mud or clay was greatly in excess. The deposition 
of the gypsum from solution would doubtless have been hastened by 
accession of heat, if this could be shown to have taken place, but whence 
it might have been derived there is nothing to prove. The water may 
have been at times so shallow as to have its temperature raised by 
the heat of the sun, or thermal gypseous springs may have been in 
operation (as shown to have been the case in the Spiti valley by 
G ( 153 ) 
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Mr. Mallet);* sending forth volumes of warm water which could have 
floated over a denser saline liquid below (as previously observed); or it 
may be possible that the 'mother liquor;' after depositing the salt; 
may have retained a quantity of chloride of calcium; the accession to 
which of water impregnated with sulphate of magnesia or soda would 
have produced sulphate of lime; i. e., gypsum.f As with respect to the 
salt; so in the case of the gypsum; the presence of much heat; at least 
since the rock became impregnated with petroleum or bitumen; does not 
appear probable j on the other hand; the small quantity now present may 
be but the residue of a larger supply already driven off. Hot springs 
and so-called hot springs are not unknown in the Punjab noW; and if 
these were more frequent or more voluminous in bye-gone ageS; their 
existence might not be incompatible with the fact that latent forces of 
disturbance still show themselves in the frequent earthquakes; one of 
which was distinctly felt at L^chi during the examination of ^e district. 

All such viewS; however, infringe largely upon the regions of 
conjecture, for which there is generally ample room when facts are 
scarce. 


* On the gypsum of Spiti, Mem. Geol. Surv., Ind., Tol. Y, p. 151, Hot springs are 
also supposed to have aided in forming the gypsum of tbo Salt liangc by Dr. Verchere, — 
paper previously quoted. 

t Dr. Warth. 
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Generally Overlying the gypsum there is very generally 

present a thick Eone of deep red clay^ the presence of which is often 
indicated by the colour of the talus at the base of the nummulitic lime- 
stone outcrops. There are> however, situations where in an exceedingly 
broken, disturbed, and often c'meealed country, this red Eone does not 
always appear next above the gypsum, giving place to sundry gray 
clays, shales, or brownish sandstones at some height in whieli a less 
developed red clay band, believed to be the representative of this, occurs. 
Where these gray clays and sandstones arc absent, as is the case over 
most of the district, the red zone, or its debris, is always to be found in 
any consecutive section of the rocks occupying its proper place. 

It seldom shows its stratification well, but under favourable circum- 
stanees, bauds of slightly dificrent tint mark the bedding, or there arc 
ulternaliuus of more sandy nature, sometimes becoming flaggy and varie- 
gated by green sjiots. 

SimllarUy it) other red bande ir the Punjab.— VfXxete this flaggy 
structure prevails the group so much resembles a red zone, believed to be 
of triassic age in the Eastern Salt Range, that it has been searched for the 
pseudomorphic crystals of salt so common there, but without success, 
and there is no other similarity to the Salt Range band, the rocks above 
and below which are always absent here. Some resemblance might be 
traced between the brownish sandstone and gray cloy series, in some 
places overlying the red band here, and the olive series above the Salt 
Range red zone, but the comparison would not hold, for the olive series 
contains a few fossils, believed to be cretaceous, while the brownish sand- 
stone and gray clays of this country are nummulitic. 

But there is another set of red clays in the Upper Punjab to which 
this is also very similar. It is traceable at intervals wherever the 
Sub&thu zone is found closely associated with the nummulitic lime- 
stones. The colour is much the same, and both contain sandstone 
or sandy alternation, differing, however, greatly in development in the 
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Cis- and Traus-Indus regions. The association of both of these red bands 
with nummulitic limestone favours the supposition of their being both 
of nummulitic age^ though it is not sufficient to warrant the assertion 
that they are on exactly the same horizon. 

Sone and other foasiliferoue leds . — Near the top of this red clay 
group a single or double layer of harder rocks may frequently be observed. 
These are sometimes coarse purple sandstones^ each seldom more than a 
couple or three feet thick ; sometimes they are thinner^ and concretionary 
or pisolitic hsematitic bands^ while in some localities they become thicker 
and conglomeratic^ containing also small fragments of bones^ unfortunately 
not likely to be of use in fixing their age. At a locality far distant from 
where the bones occur^ some layers with Nummulitea were also observed 
in these red beds not much below their junction with the overlying 
limestone. 

These few traces of fossils are among the oldest and eaiAScst traces 
of existence in the whole of the Salt Begion^ the few fragments in a lime- 
stone band at the top of the gypseous series being older^but neither being 
in a state of preservation likely to convey any information as to age, and 
in no other part of the red zone has any better fossil evidence been 
found. 

M^reaentativeaf eaat and weaL— 'Prom a passage in Dr. Vcrchei'c^s 
paper previously alluded to,*^ it might be surmised that the rarely 
hsematitic layers of tliis group are developed more largely westward in 
the country of the Wazfri, furnishing the Waziri iron of commerce in 
these parts. In the Salt Range to the east, the only representative which 
can be suggested for the group is a band of red and white variegated 
hsematitic clay of inconsiderable thickness, which occurs just beneath the 
nummulitic limestone of the range. 

Thkhneaa . — The thickness of this red clay zone varies somewhat, 
being seldom small, and sometimes measuring over 300 feet or even 
nearer to 400 feet. Two hundred and fifty feet, however, may be au 


* Jour., Ab. Soc., Bengal, 1867» p. 20. 
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approximate average^ but it has in places been found to measure even less 
than 20 feet. 

Conditions . — ^With the deposition of this red zone things must have 
changed again, and locally so much that its regular succession was much 
obscured. The water in which it was deposited was charged no doubt 
with ferruginous matter, wher*-.' the colour it now assumes. The lowest 
layers alternate clearly with the g}’psum for a short space (just a few 
feet) ; a certain amount of variety is indicated by the local presence of 
sandy materials, and the upper layers containing numinulitic bauds ; the 
whole grou]i would seem to link the nummulitic and gypseous groups 
into one series. 

lliveraU . — On the horizon of the harder bands near the top of the 
clays, a sandy bituminous layer was observed in a stream gorge west of 
Muzdukkai hill. It varied from 1 to 3 feet in thickness, and seemed so 
satumted with mineral-oil as to increase its weight, yet this did not 
scciu to exude. This, the pisolitic haematite layer, some narrow gypseous 
strings, and thin veins of sulphate of baryta, with some small concretions 
stained with green carbonate of copper, were the only minerals observed 
in the group. 
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Formation inconstant in the Punjab, — The nummulitic rocks of 
this district belonging to one of the groups of the Upper Punjab most 
liable to local changes — changes which are^ nevertheless^ insufficient to 
affect the recognition of the formation in different parts of tlie country, 
the formation may be said to present itself under three more or less 
separate aspects, namely, those of the Salt Hangc type, the Sub^thu 
type, and the hill nummulitic type. 

Here the two former of these types seem to be united so that the 
local groups may be looked upon as exhibiting an unusually extensive 
development of the Sub^thu character blended with some of the features 
characteristic of the Salt Range nummulitic zone. 

Local inconstancy,— An the general features of the nummulitic rocks 
of the country are versatile, so, even within the limits %{ this Ball- 
bearing region, the sections across it vary in different places, from the 
entire absence of this group by thinning out, to its enhanced thickness 
by including beds not usually present. Where tliinning out of the 
limestones takes place, the upper portions are always the first to disap- 
pear ; and the chief additions to the whole group are a mass of shales 
and sometimes of light coloured sandstones, which locally come in below 
the main limestone zone. 

General succession, — The inversions of the adjacent strata are most 
prominently marked by the occurrence of these limestone beds, which, as 
it were, form a key to the complicated stratigraphy of the hills, being 
most extensively distributed, while the clays or soft shales and sand-> 
stones are collected into a group by themselves at the base of the series, 
rather than distributed by alternation through it, though occasional bands 
of shale do occur also in the latter way. The following may be given 
as a diagramatic table of all that is certain to belong to the nummulitic 
limestone group in this district, there being, however, reason to suppose 
that this eocene series may include all the rocks below the limestone 
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itself. It does not follow that the whole of the rocks in the following: 
list should be present at any one place : — 

NummuiUie series, 

8. Variegated yellowwli, ligbt-gray yellowiab and pinkish, or gray or whitish 
limestone or marhle, Ininpy and marly beds below with I^ummulites, 
Alveolina throughout. 

7. Gray limestone with Alveolina. 

6. Gray limestone, rather darker, containing small Nummulitcs. 

5. Thick and ihin-bedded regular limestone, few fossils, some of the IkmIh wnii- 
oolitlc. 

4. Earthy gray limestone and greenish shale with Kummulites. 

X Dark oherty limestone with few fossils, a few feet only. 

2. Gray limestones and gray or greenish clays, thiu-bodded layers, aheoliua 
tiands o<*eas.ionally, or layers with Kummulitea. On or alKiiit this horizon, 
brownish sparkling sandstones and gray or grwnish -olive clays, with bands 
<»f rid cr ptirple clay, are locally present in north-westerly Bc>ctions ; the 
sandstones lieing in places conglomeratic. 

1. Greenish clays sometimes g>T)Beou8 or containing plates of selenite below, 
sometimes having calcareous nummvlitic layers. 

Where the groups 1 and 2 of this list are present, the red zone so 
prominent elsewhere loses its character and place as next overlying 
the gj-pseous scries, pale brownish sandstones and greenish clays taking 
an intermediate position between the gypsum and the now sub^livided 
and thinner representative of the deep red or purple clay zone. The 
bands most retaining the general appearance of the latter are usually 
those nearest to the stronger limestones above, and these red 
are certainly interposed between or intercalated among hods containing 
Mmmuliiet, thus giving another clue to the fact of the red zone itself 
and the gypsum into which it passes below by sadden alternation— all 
belonging to one early eocene period. 

In order to show the difference between the ordinary junctions of 
the red clay zone and nummulitic limestone and the ubsenre passage 
downwards from the latter where the sandy and shaly lower nummulitic 
beds are present, the sections south-west of Amon K6t and Shirki. 

( ) 
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(figf. 17) and 18)^ may be compared with those on the Kdrshru Algud 
near Bahadur Kh61^ (fig. 36)^ and near Ouruza, (fig. 42.) 

Sandstone hands similar to tertiary sandstones. — Apparently about 
the place of No. 7 in the foregoing list^ there are sometimes a few beds 
of purple sandstone and clay present^ very much resembling those of 
the succeeding tertiary sandstone group. In several instances such 
bands^ apparently within the limestone group^ have been found to belong 
to the series above misplaced by dislocation^ or brought in by both 
curvature and faulting^ but in other cases^ from the apparent regularity 
with which these bands seem to be included, it would be unsafe to assume 
that they are never really intercalated with the limestones. 

Concealment by debris. — If the nummulitic limestone afibrds a key 
to the structm-e of the country, on the other hand, the quantity of hard 
debris which it forms overshooting the slopes of the hills mostly on 
the outcrop side, adds greatly to the difficulty of seeing ^he complete 
succession of the rocks, many miles of hill side being covered, and the 
rock beneath almost entirely concealed by this debris, from the limestone 
of the ridge to the foot of the declivity, and frequently in situations 
where only a few projections of gypsum serve to indicate the interest 
of sections which the ground might otherwise afford. 

Varieties in suecession.-^^The lower rocks are gray shales or clays 
with occasional calcareous bands. They take a greenish olive colour 
where weathered, and are not unfrcquently gypseous, being then undis- 
tinguishable from the ' Sheenkoura^ beds of the gypsum series below. 
In these clays or shales fossils are often rare for a depth of very many 
feet, but become suddenly abundant in thin or flaggy layers of limestone 
largely made up of NummuliUs. Thicker beds of limestone occur irre- 
gularly higher up containing numerous fragments of oyster-like shells 
and sometimes a few corals. 

At about this position the greater portion of the shales of some 
localities underlie strong brown sandstones of soft texture and light 
colour, in parts conglomeratic and enclosing nummulitic pebbles as well 

( 160 ) 



KUIfliULmC SERIES. 


57 


as nummtiliies in Ihe paste^ thus sbowinj^ that even at an early date the 
rocks of the group were irregularly distributedi and that limestones were 
suffering degradation^ while other beds of the same period were being 
deposited^ but at what distance from the former we have no evidence to 
prove.* 

These sandstone beds ha'*'* rather a local distribution, and appear to 
be developed with, or as a part of, the clays or shales just mentioned. 

So situated as to overlie the clays, sandstones, and limestones de- 
scribed is a zone of very dark- coloured limestone with rugged bands of 
white chert. Fossils are rare in the band, except some few sections of 
large, spiral shells and even less frequently a discoid gastropod having 
somewhat the form of Plamrbia, 

Above these are gray, earthy, nummuliiic limestones with some bands 
of gmeiiish shale, followed by thick and thin-bedded parallel limestone 

* The preienoe of inch pebbles u these is nlwsys nitber difficult to acoonnt for where 
no ebsolute unconformity is known to occur. At Srst sight they might seem conclusive 
evidence of the existence of un older limestone, its erosion, transport of its fragments, and 
their deposition elsewhere. Limestones, especially these with nnmmnlites, have been 
often considered pelagic, the nummnlites being auppoeed deep sea organisms, but that the 
waters in which nnmmulites lived need not in all cases have been so very deep may ho 
considered proved by the manner of occurrence of the nummulitic beds— sometimes sand- 
stones— of the Subathu group, exterior to the hill limestonea lying northward from 
R&w&l Piudi. 

If some of the limestones could be supposed capable of consolidation near coasts 
becoming thus liable to destrnction by wave action the mysteiyr might be solved, for I 
have seen a sandy calcareous rock on the Indian ahora of the Arabian Sea becoming 
consolidated between high and low watermark, the recent shells in which were converted 
into white limestone. Fragments of this rock, broken or worn down by the surf, would he 
included in the sandy shore depoeits containing the same abells, and yet be no evidence 
of unconformity which, etrictly ipeeking, requirea the erosion of a land surface. Nor does 
it seem unlikely that light bodies like mmmulitei might be removed, cast np by waves 
and enclosed in a rock so formed, without hearing any prominent or visible traces of 
having been rolled, in which case tbqr wonl4 appear to have been enclosed when they 
hed lived. An old shore line, if it could be pointed out in these deposits, would eomplete 
the analogy. This would of course indicate unconformity, but not among the shore beds 
themselves. 


H 
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layers having few fossils. These are again overlaid by lampy^ marly, 
light-coloured bands full of Nummulitea, Bivalvei, a few GtutropodB^ some 
EehinoidB, and a general assemblage of ill-preserved nummulitio fossils, 
the whole being succeeded by hard pale-gray or variegated compact 
Alveolina marble^ often of a dull, yellowish colour, and generally forming 
the highest portion of the nummulitic limestone group. Perhaps the 
most constantly present beds of the formation are the bard Aheolina 
bands, but there are others of the more lumpy and earthy-looking light- 
coloured limestone, apparently lower in the series, also very generally 
present ; they contain a characteristic G^f^jD^so-shaped fossil. The Num^ 
muliteB are of various common kinds, generally present in the Upper 
Punjab eocene ; many of these are already described ; but no thorough 
examination of the nummulitic fossils has as yet been made. The size 
of the Nummulites varies from extreme minuteness to nearly an inch in 
diameter. The Alveolina also vary in size from that of a grajp of rice to 
three or four times the same proportions. 

The lumpy fossiliferoos bands, the generally light 
colour of the rocks, their containing large sized Bivalvea in some places 
and less commonly large Oaetropoda, the occasional occurrence of some 
carbonaceous layers near the base, as well as the variable character of the 
whole group, are all points which tend to link the nummulitic group of 
this region with that of the Salt Bange. 

On the other hand, the presence of the greenish weathering clays or 
shales, the fine earthy or somewhat lithographic appearance of some of 
the beds, their pale colour, and their containing the large BotaUna so 
frequent in the Subdthu limestone and clay series, unite the formation, as 
exposed here, with that of the Sub£thu series from the Indus to Murree, 
if not further eastwards. 

Conditional— Tiiv circumstances of deposition must with the advent 
of this series have undergone still further change, the muddy ferrugin- 
ous waters so generally distributed becoming locally charged first with 
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mud of less femi^nous kind or sand^ and oeoaaionallj pebbloB^ afterwards 
cleaTj either precipitating carbonate of lime, or crowded with lime 
producing animal organisms, or both causes for the calcareous accumula- 
tions may have existed. The presence of Numm^itei has been usually 
taken to indicate deep *seas ; but from several features of the Sub&thu 
nummulitic beds of the Upper Punjab, there may be reasons for doubting 
whether this were always a necessity of their existence. 

ThickMis. — ^The formation in this district varies greatly in thickness, 
the latter being of course very much increased if the gypsum and salt 
below be included. The uppermost calcareous portion is often a narrow 
band of hard limestone, showing extensively where inclined at a consi- 
dcrnble angle, but where nearly vertical and crossed by ravines, the 
thickness is always found to be less than the display in the former 
situations would suggest. In many places the lower earthy part of the 
group is absent, unless represented in the Skeenkoura of the gypseous 
series, and for considerable distances the whole of the limestones have 
disapjieared, leaving barely a few thin nodular, calcareous streaks to mark 
the separation between the red clay zone and the tertiary sandstones 
and clays overlying the nummulitic limestone group. 

Where the red zone is present, as over most of the district, the 
lower limits of the limestone may generally be plainly seen, and the 
passage to the nummulitic clay shale and limestone can occasionally be 
closely examined, but the upper limits of the group are not always so 
clearly exposed. A rugged cliff line often occurs along the upper 1x>und- 
aiy owing to the sudden change in the texture of the rocks, and it is 
rarely, except in the clean cut sections of streams, that the junction 
between the limestones and sandstones can be inspected. Here the 
question of conformity or unconformity between the groups recurs to the 
observer as often as the contact is seen, the facts bearing upon which 
will be shortly alluded to in the description of the succeeding group. 

MineraU, — The minerals of the nummulitic formation ore few; 
some of the beds have a dolomitic appearance, and in some of the lowest 
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of the limestoDe portion of the strata nests of radiating spar were founds 
which gave the red Strontian flame before the blow-pipe^ and probably 
consist of a mixture of this mineral with dolomite (or bitter spar). Some 
of the lower beds of the limestone also contain small nests of iron pyrites. 

In some places just below the limestone part of the group are thin 
carbonaceous layers or pockets suggestive of the coaly bands very 
similarly situated in the Salt Range. They are> however^ mere traces^ 
and of no commercial value. 
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Tkrte Sttk^divuions , — Within this district the tertiary sandstone, 
clay and cong^lomerato series occupies by far the larg^est superficial area, 
and includes rocks which may be referred to each of the principal sub- 
divisions of this great formation, as yet distinguished in the Upper 
Punjab, by the lecoguition ot three groups or rather iudefiuite zones. 
These are as follow. 

3. Upper, — Soft, bright-gray sandstones, and gray or orange cla3’H 
with conglomerates largely made up of crystalline rocks often wasting 
into loose accumulations of smooth iKuilders. Bones may Ih^ occasionally'^ 
met. with. 

Middle.— Gray and grcenisli sandstones uiul drab or reddish 
clays contain iug boucs and fossil (exogenous ?) timber in the sandstones. 
Aeddish or red clays predominate below ; and the beds pass downwards 
into— 

1 . Lower . — Slightly harder gray and purple or light-coloured sand- 
stones frequently weathering, of a dork colour, and alternating with 
bright-red and purple clays. Calcareous and pseudo-conglomeratic bands 
occur frequently at intervals. The group contains reptilian bones below, 
with occasionally much (exogenous?) fossil timber, and close to the 
underlying nummulitic limestone, a thin reddish calcareous sandy layer 
has numbers of ill-preserved stron^^y ribbed bivalve shells. 

Three zones also in the Simla Mr. Medlicott^s researches 

in the Simla region of the outer Him&16y^ have shown that there are 
also in that country on the flanks of the mountains and in the doons 
(diins) below three main groups of these tertiary sandstones, conglome- 
rates, and clays, but how far it may be possible to establish identity 
between the whole of these rocks as two sets of triple groups comprising 
lower, middle, and upper, or eocene, mioceue, and pliocene, remains 
uncertain. 
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In that country each of the three divisions is separated from the 
next stagfe below by marked unconformity^ while here no interruption 
to the most perfectly parallel superposition and sequence has been any- 
where observed. The lower group^ however^ or Subkthuj would seem to 
be the same in both countries^ its identity being based upon the recogni- 
tion by Mr. Medlicott himself in the Murree hills and south of K&sh- 
mere of Subithu characters^ in the limestones, days, and shales which are 
physically part of the ' Murree group * of the Cis-Indus, Upper Punjab. 
The upper part of this ' Murree group * he refers to the Dugshai type 
of the Sub&thu rocks.^ 

These upper purple and gray 'Murree beds' (or Dugshai rocks) 
are identical in their general aspect and position with regard to the 
overlying series with those of the Trans-Indus group herein referred to 
the same placet (see list of rocks, p. 24). 

The highest group also possesses characters which go far to link it 
with the Sivalik series of the Simla region, and, further, a series of fossils 
derived from beds near the Salt Eange, having in places all the appearance 
of the upper division of this country, were determined by the late 
Dr. Hugh Falconer as Sivalik.} 

For the intermediate beds, if it were thought advisable to have but 
two divisions instead of three, they might without impropriety be in- 
cluded with the upper rather than the lower group. They resemble more 
or less the descriptions given of the Nahun rocks as recently demarcated 
by Mr. Theobald (M.S.S.) 

• Memoin, Geologiool Surv^, VoL IIT, pp. 89 and 90. The vtUey containing brown 
and Tariegnted nammnlitic olaya.” and 8h6h Dnrrih ore in Bdwdl Pindi, not Haste 
district. 

t Bee also Beoorda GebL Snrv., Ind., Vd. YI, 1878, p. 69 et seq. 

} Paper on the Salt Ranges by W. Theobald, Esq., Jonr., As. Soc., Bong., No. 7, 
1864. The late Dr. JEVdooner, however, made no distinction between the Sivalik oad Kohnn 
groups. 
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The whole series presents a great consecutive accumulation, the 
lower portion marked hj greater hardness of the sandstones; their being, 
in certain zones, much veined with calcareous spar, and poss essi ng a 
predominance of purple or red colours. Calcareous bands among the sand- 
stones and clays, though seldom approaching to limestone in their 
nature, are not uncommon. As the series ascends, the red tint is limited 
to the days and pseudo-conglomeratic concretionary beds, the sandstones 
having more of a bluish or greenish-gray cedour, and still higher the 
clays become pink, drab, or orange, with occasional dark-gray layers. 
Here the sandstones become veiy soft, often of a shining whitish-gray 
colour within, or where crumbled down; and they contain strings of 
small pebbles. The latter increase in size and quantity till they become 
thick incoherent conglomerates or boulder bods sometimes cemented by 
carbonate of lime. The travelled boulders include a variety of igneous 
and schistose or crystalline rocks, believed to have been derived from the 
interior of the HimdUyan region. From their groat hardness and 
smooth forms these pebbles and boulders have in many cases long out- 
lived the beds in which they were laid down, and now thickly strew the 
ground, over large spaces, in which no boulder beds to furnish them 
could be found. The parent beds, however, may be seen in situ on both 
banks of the Indus near Makud and at the crags of Kaffir Kdt in the 
Waziri country.* 

The divisions between the groups are most indefinite, one passing 
into another gradually, yet approximate horizons may be so far identified 
in a general way that one can recognise to what part of the series any 

s Thii place ocean in forbidden groand beyond the frontier. Not to hue a chance of 
aeqairing informatbn, a trnaty meiaenger wai reqaeited to be lent by the Nawib'a people 
from Bahadar Ehdl, for apecimena of the roeka forming the crag. Accordingly nine men, 
folly anned, left Britiab India for the diffi, and retnmed with aome of the wdl worn bfocka 
of parple qaartzite^ yellowidi qaarta rock, Ac., ao common in the apper conglomeratea, which, 
they declared, they had eitracted from the cliIMkeea. Sean with a Seld-glaaa from one 
of the nearest pointa within the ** red line,** a diatance of about twelve milee, the crags 
presented nearly horizontal lines of stratification, which may have been marked the 
contained blocks or their cavities.— See below. 
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large exposure is most likely to belong ; beyond this sub-divisions could 
only be indicated by arbitrary lines^ drawn from palsBontologicai distinc- 
tions which have not yet been ascertained sufficiently to be applied to 
tiiis district. 

The thickness of the whole series must be veiy large^ 
but owing to its disturbed, folded, and, in places, dislocated state, can 
only be roughly estimated at 6,500 to 8,000 feet for the part visible, the 
uppermost beds having been denuded away. 

FomU, — Fossils, though not unknown, cannot be said to abound in 
this tertiary sandstone series; plant remains and obscure fucoid-like 
markings are common in the purple and gray lower rocks in which 
an exogenous (?) fossil tree as much as 60 feet in length has beep found 
among the lowest 'Murree^ beds. Higher up vegetable impressions, 
often carbonised, also occur, and fossil timber^ is likewise4o be seen in 
the middle softer sandstones, but the chief fossils of the whole series are 
bones. Remains of large crocodile jaws, polished, striated, pointed, 
teeth, ribs and other large bones, tortoise plates, &c., are to be met with, 
but broken, scattered, and difficult to extract from the sandstones resting 
almost directly upon, the nummulitic limestone. Associated with these, 
a thin layer of the shells of a large, strongly marked six-ribbed bivalve, 
ill-preserved in carbonate of lime, was found at a few places close 
to the above-mentioned limestone. Shells in any part of the series 


* Fxom rough examinatioii in the field, it is not easy even to say whether the fossil 
timber of the tertiaij sandstone series is really eaogenons or endogenous. This is not for 
want of spedmens, bnt while these frequently present gnarled and knotted fragments, some- 
times with appearances of branches having issued from within, the grain is generally 
straight, like handles of parallel fibres, and as the cross section exhilnts no structure, rings 
of growth or medullary rays arc unseen. Some fragments of palm-Eke wood have been 
found, so that probably this timber may be of both kinds. No leaves, nor anything except 
thick fragments up to the diameter of considerable trunks, have been met with. * 

Specimens of these have been forwarded to Calcntta, but are as yet unexamiiied. The 
Salt Range specimens and those found here are identical. 
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arc quite exceptional, and this is the only case of their occurrence 
known here. 

Higher up in parts of the middle group, along with the timber 
abovementioned, numerous laige fragmentary bones and ocoasional teeth 
or tusks occur in the soft greenish-gray sandstones of some localities ; 
while towards the uppermost sub-division bone fnigmcnts are still to be 
met with, and have been found beneath the boulder sandstones of Makud, 
so that these osseous remains appear frequently, though sparsely, distri- 
buted through the whole series: reptilian remains apparently charac- 
terising its lower part here as well as at Subithu according to Miyor 
Vlcaiy.* 

CoMformify.-^^xi far os the relative positions of the sandstones and 
clan's to each other and to the nummulitic limestones are concerned, they 
are all conformable, but the fact of absolute and entire conformity of 
the whole series Irom the limestone upwards is not so clear. So much 
conformity as is indicated by perfectly parallel succession and by a short 
transition through highly calcareous sandstone (in some spots containing 
bone fragments) at the junction of these limestone and sandstone beds, 
(besides some other transitional features more limited in their range) 
may be found in any clear section. Where the limestone has all hut died 
out, the port of it which disappears first is the lowest, and the upper 
limestone beds with those of the absolute junction continue till even 
these are gone and the contact layers alone remain to show that the 
succession continued the same everywhere, whether the limestone was 
present or not. 

Again, the rocks of the sandstone series nearest to the limestone arj 
always the same lower or ' Murree* rocks where displacement has not 
occurred. One peculiar band of small calcareous concretions disposed to 
weather separately, occurring over a large space close to the uppermost 

* Qaartcrly Jouinal) Geological Society, London. Vul. IX, page 72, 1853. 
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layer of the limestone or to its place where absent from the section by 
reason of g^enerd thinning out of the whole group. 

On the other hand^ intimately associated with these eTidenccs of 
conformity, there may be widely observed in the sandstone beds near the 
uppermost nummulitic limestone numbers of fragments, blotches, and 
pebbles of the upper alveoUna and ntmmuiiiie compact limestone, or at 
least rocks exactly like these, and full of their fossils. The occurrence 
of these derived fragments in situations where the strong upper limestones 
have died away shows plainly that they must have come from some distance 
however small, and the only way that suggests itself to account for 
their presence without unconformity is that mentioned in the foot-note 
to page 57 regarding the similar occurrence of such derived pebbles down 
even in the basal portion of the nummulitic scries. 

Whether the explanation there given be accepted or not, the fact 
deserves notice, and, though considered insufficient to establkli uncon- 
formity here, it is not against a state of things approaching thereto 
having existed, perhaps not very remote from the localities where the 
enclosed pebbles have been observed at various parts of the district. 

These enclosed foreign fragments may be found over the whole 
district in the situations described, and it is known that they also occur 
in the same tertiary sandstone beds Cis-Indus in the Fotw^r plateau,^ 
and along the base of these beds on the northern side of the Salt Range. 
Taking the whole broadly together, they may be said to range through 
a country 7,000 square miles in area, in which the junctions of the 
sandstone and limestone are repeatedly seen with the same conformity 
as noticed in this district, and if any total unconformity or discordance 
existed between the groups, it seems but fair to suppose that, along the 
many miles of boundary traceable through a region extending for 150 
miles with the strike of the rocks, some evidence of excavations or 

* Record!. Geol. Sar.. Ind.. VoL VI. p. 63. Somewhat similar rock! to those at 
the jnnctiou of the Trans-Indus limestone and tertiary sandstone are mentioned by 
Dr. Fleming at p. 358. and by Mr. Theobald at p. 670. of their papers on the Salt Range 
already quoted. 
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Other erosive action upon the subjacent limestone rock, or some in- 
stance of complete discordance of stratification, would be found. 

Conditiofis . — The great thickness of these tertiary sandstones, &c., 
and their endless alternation of arenaceous and argillaceous strata 
supposed to have been accumulated in shallow water, would point to a 
gradual subsidence of the buoiii, or lake, t*r sea which received them in 
order to allow of such a depth of beds being superimposed. A correspond- 
ing elevation of the Him&ldyfin rocks from the erosion of which they 
were probably formed may have taken place during a period which 
must have been protracted and longer still if the salt scries and 
immmulitic limestone are all included, involving some uncertainty as to 
its early conditions when tlic waters, if not of the sea, must have at 
least been salt. Fresh water deposition may have succeeded, but there 
is nothing to define the exact place at which any change in this res[)cct 
occurred, ibr the mammalian and fresh water reptilian remains could 
have been brought by rivers into the sea. And tlierc is almost as little to 
mark the close oi' the epoch or link its geological events with those of re- 
cent geological time, the highest beds known having sufibred denudation 
to an undeterminable extent, so that it is impossible to say what was 
the most recent conformable deposit of the period. 

The boulder beds of the upper part of the formation, or what 
remain of them in this region, occupy situations which might favour the 
idea suggested in Mr. Mcdlicott's Memoir (so often referred to), that 
the boulders travelled through spaces approximately coinciding with 
existing lines of drainage, if their identity could be absolutely established 
with the rocks in the interior of this part of the Himalky&n region. The 
probability is strong that they were thence derived, and gathers still 
farther strength from the upper beds being apparently the source of the 
Punjab stream gold, which is washed in a few localities in this region as 
elsewhere.* 




S«*o Dr. Flruiiiifr'h nccoiiut in hih Salt Ranfrc Hrporta. 
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Points indicating a general tertiary age for all the rocks^^Ai tho 
rooks above described be considered oollectively as a great consecutive 
series^ there are some points connected with this to which attention may 
be drawn as favouring the idea that the whole belong to the tertiary 
period commencing with very early representatives of Eocene age. 

The apparent intercalation of some purple sandstone and clay 
bands of the same aspect as those of the ' Murree group * with the 
nummulitic limestone^ (though obscurity exists where disturbance and 
dislocation are so common^) would link the limestones to the beds above 
as much as the sequence to be found at the junctions which have been 
or will be described. Again, the red clay zone below the limestone, in 
its general color and aspect, bears so strong a resemblance to the red 
clays of the Murree group, that when accident brings the two into juxta- 
position the clays are undistinguishable. 

The occurrence of gray and white banded gypsum, such as^ may be 
found here, together with greenish -gray and red clays, often gypseous ; 
nummulitic limestone, &c., in the lower 'Murree beds^ of the Rdwdl 
Pindi district, admitted to be Subdthu, as well as the presence of gray 
limestone beds with a peculiar lavender tint, and containing in both local- 
ities only univalves or gastropoda of a discoid f(|yD, is an association of 
similarities which, added to the prevalence of petroleum or other earth- 
oil in both cases, forcibly indicates that the greater development of the 
gypseous, saline, and calcareous series in this district belongs to the 
same early tertiary, otherwise called Subdthu, age. 

Leaving the difficulty of accounting for the absence of older rocks 
aside where tranquil succession is apparent, as has been already pointed 
out, we may infer from the presence of the red muds, purple sandstones, 
greenish gypseous shales, gypsum, limestone, bitumen or petroleum, to- 
gether with the evidence afforded by fossils and by salt in one case and 
saline springs in the other, a prevalence or recurrence of certain conditions 
at a period elsewhere known to be nummulitic, all tending to confirm 
the idea formed on first seeing the rocks, and each point adding strength 
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to the identification of the whole as one broad system of results from 
causes or conditions appertaining fp Eocene times. 

Supefficial deposits . — Tliese hardly require any special notice. Coarse 
atmospheric, detrital accumulations predominate, and especially in the 
Tir! valley are scarped at different levels, as if that river in its wander- 
ings had at certain periods excavated Its channel with greater rapidity 
than at others, its power to do this being of course influenced by the 
height of the river Indus. Large surfaces of the Bannu valley are 
occupied by gray sand derived from the tertiary sandstones ; this also 
occurs in the lower part of the bed of the Tiri Tam and in a tributary 
nullah from the south. A well-defined series of thick stratified dcinisits 
flanks the hills east and west of (Sdrdag) village, and may probably form 
part of a vast detrital talus said to flank the Suliman hills near Bannd. 
Calcareous tufa is exceptionally rare, while alluvium proper seldom 
exists owing to the rapid fall of the streams ; nor have the analogues of 
' Kadirs * been observed, but the sandy finer earthy and sometimes 
kuukery materials occasionally assume somewhat the appearance of 
loess, not, however, here eaten into labyrinthine ‘ Kudderas, * as in the 
I’otwar plateau, Cis- Indus. 
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IV. — ^Extension oe non-extension of the salt beyond this district. 

One other point remains to be discussed before entering upon 
detailed descriptions of some of the sections to be found in the country^ 
namely^ liow far the salt-beds of the series may be limited to the part 
of this region under British Government or within British influence. 

From what has been previously stated^ it will be seen that the rock- 
salt of the district is one of the rocks of a series which, whether con- 
sidered as nummulitic or as part of the great tertiary system of the 
province, is not necessarily hounded hy any natural lines within the British 
Frontier, 

In the direction of the Manzulli or Threckanushpa range the clays 
and gypsum of the salt series hold westward along the frontier line 
beyond the last salt known, but the gypsum appears to be dying out, 
or its surface exposure lessening owing to the stratigraphical position of 
the adjacent beds. 

To the northward of this place the nummulitic limestone looked 
npou as part of the same sequence continues also westward, forming hills 
nearly to the Kuram river, and to the southward, the axis of the Baha- 
dur Khel, disturbances diverging from those of Manzulli embrace a 
wide area of newer tertiary rocks crowned by the crags of KaiTir Kut in 
the Waziri country. 

There are indications in the endings of the nummulitic aiiticlinals 
at Suppurri and Luttummer that the axes of these are passing below a 
great mass of newer rocks which, overlying the limestone, would efiec- 
tually conceal the salt, but that this state of things does not continue 
is shown by the recurrence of the limestone, forming a conspicuous hill 
within the Waziri territory north of Baiinu. The aspect of this hill 
from a distance is all that can be remarked upon, and it looks as if it 
was an isolated exposure caused by an upward arch in the axis, beyond 
which the tertiary sandstones, &c., from the appearance of the ground, 
might be expected to come in strongly in the valley of the Kdram. 
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It is confidently asserted by the natives of the frontier tract that 
neither SpeenH (gypsum) nor Malga (salt) occur in this Waziri countiy, 
nor anywhere westward of the frontier lino, yet Dr. Verchere, in his 
geological paper to the Asiatic Society, already quoted, refers (at page 
20, 1867,) to red marl and gypsum at the hot springs of Sir Oba^ 
(probably Sar-Obfi^, west of Bannu), which may l>eloug cither to the 
salt series of this country' or of the Salt Range ; perhaps the latter. 

The existence of marl and gypsum, however, would be no evidence 
that salt was also present, though of course the exposure of its associated 
rocks would, in the absence of better information, favour the possibility 
of its discovery. 

The tertiary sandstones, clays, &c., have evidently a wide extension 
westward of this district, and if the lower part of the scries was 
anywhere exposed, the accidental or natural fall of a cliff or stream 
bank might bring salt into view, there being no reason why it should 
not occur in other places as well as within this district, nor can 
precise limits be assigned to such salt deposits in any particular direction 
on general geological grounds. 

It would be otherwise if the salt occurred in unconformable out- 
lying patches, the remains of larger deposits, which might have been 
denuded from off the face of the country. Here, on the contrary, as has 
been shown, the rock-salt forms the base of a disturbed series, members 
of which stretch far away to the westward, and the likelihood of its 
non-appearance in that direction depends largely upon the physical 
structure of the ground, the prevalence of the massive upper arenaceous 
rocks, and the absence of faults or such upward curvature of the strata 
as would have brought the basal beds within reach of erosive agency in 

* The place is unfortunately not marked on Dr. Vercliere'i map, bat from information 
kindly supplied by Major Johnstone, Deputy Commissioner of Bannu, appears to be situated 
beyond the frontier south of the Dour valley, and south of Uie village of Sokh^, between 
the Dour valley and the Ehlsor nullah. 

There is another * Sarobee* at the north end of the Chicliali Paiui, which is not supposed 
to be the locality meant. 
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hills^ valleys, or ravines— ‘the fact being always borne in mind that even 
if these erosive agencies exposed the gypseous series, as seen in this 
district, the salt need not necessarily be present, for it may have 
thinned out and entirely disappeared. 

To the eastward the extension of the salt and gypsum series, if it 
continues in that direction, is buried beneath the sandstones and clays of 
the Potw&r country, some indications of it perhaps existing (as sug- 
gested) in the gypsum of the Subdthu Eone near the hills to the north- 
ward, or in the source of a brine spring at Kalra close to the southern foot 
of the Bakrfila ridge, not far from the Grand Trunk Road. 

North of the villages of L£chi and Sireemeyla, both in this salt 
region, salt is unknown, but some of the streams issuing from the gypsum 
on the southern sides of the Oiirgiirlot hills are said to be saline, at no 
great distanoe from the salt-bearing tract. 

Southward of the district, too, in the Sheen and Law&ghar moun- 
tains, rock-salt is likewise unheard of westward of the Ldn nullah, unless 
its existence be indicated by some saline springs many miles to the 
southward recorded by Dr. Fleming as issuing from saliferous sand- 
stones under carboniferous limestone near the village of Bahddur Ddk,^^ 
not far from the junction of the Kdram with the Indus.* The Liin 
nullah salt is considered, for reasons already given, to belong to the Cis- 
Indus salt series, and any saline sources for these springs would from 
their description be referable to the same much older series rather than 
to that of this district. 

If then the country to the north and south, where the rocks are 
known to be greatly disturbed, and lower beds than any found in this 
district are exposed, shows no extension of the local salt deposits, the 
presumption that they extend visibly to the west would be unreasonable, 
particularly when, as far as could be seen in this direction from the high- 


* Dr. Fleming’s Report, Jour,, As. Soc«, Beng., 18S3, p. 260* 
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est hills,* the ground appeared to be mainljr occupied by the soft upper 
tertiary sandstones, ftc., in great undulating masses. 

It is extremely unlikely in a country so traversed by herdsmen, if 
rock-salt were visible, that even small exposures of it would long escape 
their notice, or remain generally unknown, and, on the whole, it may be 
said that there is nothing in the geological aspect of the question to 
warrant the conclusion that salt exposures exist beyond the frontier, 
though its presence is quite possible whether exposed or not, and quite as 
impossible to foretell. 

Had the existence of nearer salt been known daring the great time 
these deposits have been worked, people would hardly have come all the 
way from Kdbiil and other distant places with unladen animals to buy 
it here, and this seems a stronger argument against its occurrence in 
trans-frontier regions, than any geological reasons to the same effect, or 
to the contrary, bearing upon this most important point with regard tp 
the British monopoly of the salt. 

* Far beyond the diaUnee at which any rocka could be recogniaed, aome high monutaina 
in the country on the other aide of the Kdram are probably formed of eryatalline rocka, for 
granitoid ehuekkiet (mUl-ttonuJ were aeen among the wandering Waiirii» who aaid they had 
brought them from that direction. 
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PART 11. 


I)F.TAII.RD descriptions O!' lAETS OP THE DISTRICT, WITH SKETCH SECTIONS 
ILLUSTRATIVE OF ITS STRUCTURE. 


As the physical features of the p^round arrange themselves naturally 
in four or five principal groups, and as these best exhibit the structure of 
the ground, it is intended to adhere to this natural arrangement in des- 
cribing tills structure or alluding to those places where noticeable points 
occur. These descriptions may therefore be conveniently arranged under 
the following divisions : — 

1, — The ground wentward of Lachee or Ldcki, 

2. — The northern walerehed nf the Teeree Toweg {Tirt Taut) banin 

from the neighbourhood of Murdan Khil eastward bgMalgheen 
{Malgin) to the Indue^ and the hills about Wetgoosum {Wiju- 
«Msi) and Drubbokus, 

•1. — The nummulitie ellipsoid from Manzulli and Threekdnushpa 
(Tnrkhai nvshbo) to Banda on the Kohdt and Bdnnd road; also 
the ridge thence to the Jatta ellipsoid near Zunnk : the num^ 
muliiie ellipsoid of Jatta and the imperfect one of Saga {8dga) 
Malgheen (Md^n) Salt Quarries, 

h.^The hillg ranges and their neighbourhood from Bahadur Khdl 
and Soordag [Sirdag) eonntrg to Nandrukki and Hoku/nni 
mountains. 

The plains and valleys between or adjacent to these features can 
be referred to where necessary as the remarks progress. 
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(For convenience of reference the spelling of the map will be gener- 
ally adopted in the following pages, the official spelling being added in 
brackets). 


7!ie ground westward of Lachee, 

Lachee (Ldchi), a considerable village on the road from Kohdt to 
Bdnnd, possessing an enclosed fort or structure 

Lacbee. 

which answers the double purpose of travellers^ 
serai and rest-house as well as military post for frontier force. The place 
seems to be chiefly remarkable for the manufacture of saltpetre from the 
village refuse and soil, and therewith gunpowder of a coarse kind used 
for blasting at the salt quarries. 


The country may be briefly described as hilly to the west of the vil- 
Hilly to the west of there being some four or five nearly east and 

west anticlinal axes of the strata coinciding with as 
many eocene limestone ridges. There are two considerable valleys open- 
ing towards, and other smaller ones occupied by, the tertiary sandstones, 
&c., these valleys being themselves hilly rather than flat, and having 
their heads towards the westward, so that the sandstone ground becomes 
deeply embayed among the nummulitic limestone hills. 


Close to Lachee (L&chi) one of these limestone ridges terminates, 
that particular anticlinal axis becoming depressed below the level of com- 
paratively open ground to the east just before the ridge sinks ; however, 
Lnchee : old nit quar- “ perhaps the least likely situation for such an ex- 
ries. posure, the limestone beds have been removed by 

erosion, displaying a good deal of apparently somewhat displaced gypsum 
in which deep hollows mark the sito of former salt quarries, the nearest 
or most accessible in the district to Koh&t. None of the salt is now 
visible, nor is the place specially suited for mining, yet in other localities 
it would doubtless be considered a viduable possession. 

Westward from the old salt-pits the ridge exhibits its anticlinal 
structure strongly, , being covered with a thick sheeting of hard Aheolina 
( ) 
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and Nnmmuliie limestone sweeping boldly downwards and plunging 
beneath highly inclined beds of the tertiaiy sandstone series along the 
footof the ridge on both flanks. Close to the limestone die beds are steady 
and nearly vertioab but further out in the valleys contortions are seen. 

Along the sides of this Lachee (Ldbhi) ridg^ a feature not unoom- 

JanetiontcHpoflime- ^ observed at tbc junction of iho lime- 

stone and sandstone. It is this — the strong and 
steeply dipping limestone shows a low scarp on the dip side as if it had 
in places given way under the tension accompanying its oontortioni and 
the debris from the face of the cliff thus produced, added to that which 
travelled down the slope, renders it almost impossible to observe absoltiUf 
contact at such localities. 

The following succession was observed close to Lachee (Ldchi) old 
salt-pits: — Fig. 3. — 

6. Nummulitic limMtone. 

5. Dan eompRCt AlveoUna limcitone. 

4. Darkish-gnijr limcRtone with Atveolima, ftc. 

3. Talni ihowing debris of lofL light coloared gypwonR clnyi, rcmainR of n rod 
day bond, Ac. 

5. OypraiD, wbitiRh and gray, overlying, wuem. 

1. Uook-aalt* 


Gborindi vall^. 


Proceeding up the long valley from Lachee (Ldchf) westward by 
Tsnnda, the stream of which becoming distributoiy 
apparently loses itself in the* plains near Lachee 
(Ldchi), the tertiary sandstones striking with little variation east and 
west are seen to be everywhere vertical, and as the vallqr contracts, high 
anticlinal or contorted limestone ridges enclose it on each side. 

Of these ridges that to the nortii, or rather those, for there are two, 
exhibit the anticlinal curvature plainly like that at 
Lachee (Ldchi), but the continuation of the latter 
south of the valley has a more complicated structure from the vicinity of 


Anticlinal itnietnra. 


• Witb nferanee to tbe eiiitenoe of tbe rock-aalt at tbia locality, aee Appendix. 
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Kole Sir, where portions of the tertiary sandstones rise on the hill ob- 
liquely, nearly connecting these beds with those of the valley south of 
Lachee (Lichi) ridge. This is apparently accompanied or caused by dis- 
location as wdl as extreme crushing and crumpling of the beds. A 

Inlet of tertimy iind- 0^ mi\^ to the westward near the village 

Btonee, &c. Ohorfiudij a deep ravine from the nummulitic 

limestone hills south of the valley is occupied by the purple and gray 
sandstone and red clay of the tertiaiy sandstone series^ apparently 
brought into this strange position by a small divergent syndinal curva- 
ture closely compressed and faulted. 

Ascending the hill above Ghor&udi^ immediately upon leaving the 

Hill! loath of OhorAa- Bandstone, &c., of the Murree group, and 

crossing a small talus of limestone ddbris, the 
nummulitic rocks whence it is derived may be observed cropping out 
strongly from the hillside instead of presenting an inclination more in 
conformity with its slope, as is the case eastward of the narrow faulted 
segment of the tertiary sandstones just now mentioned. On gaining 
somewhat higher ground above, the strong nummulitic limestone is seen 
to undulate boldly all over this part of the ridge, presenting numerous 
scarps to the northward, which were well marked standing out from 
snow that had lain some days when the place was visited. On the 
opposite side of the valley, in a rather north-westerly direction, the smooth 
anticlinal suri^es of the hills became broken, and bands of red clay 
appeared intercalated with the limestone.* 

Continuing southward into the lower part of the Leeloohan 

(Llldh&n) Durrd or valley, a deep and narrow 
^ Lodoohaii (Lflfih&n) ^ found high up on the 

southern sides of the hills cropping out among the 
contorted limestone beds, and were recognised as parts of the red clay 

• It ii estram^ doabtftil if then nd cdiyi haye any vdation with the red aone. 
Th^ reiemhle it dosely, hat preient a itrong ■ppearance of intentratifloatiiMi with the 
limeitoiiei. 
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zone found everywhere beneath these nummulitic limestones, their 
exposure here beings probably aided by obscure faults of no great amount. 
Before reaching the Leeloohan (Lfidh&n) valley, as well as within it,, the 
tertiary sandstones are met with again, separated by a rib of the nnm* 
muUtic limestone. In this valley, for some miles 
abovt'Momee (Momi) Khdl, the sandstones and 
clays arc vertical, striking up the glen, along the 
southern side of which the limestone rises abruptly with a scarped face 
as if separated by a fault from the sandstone beds. 

Above this feature there is a small exposure of gypsum among tlie 
limestone hills south of Shukkar Khel between the Leeloohan (Liluhdii) 
glen and the larger Teeree (Tiri) valley. The general section across 
the hills mentioned is shown in Fig. 4. 1. Bed clay in 2, Nummulitic 

limestone, d. Tertiary sandstone and clay. F. Faults. 

This small section^ of some four or five miles in length will convey 
an idea of the frequently complex and highly con* 

Structure of loctioii. 

torted or dislocated state of the nummulitic and 
overlying rocks in this country. At the first glance one might suppose 
the vertical sandstones the oldest, and that the limestones had been re- 
moved from above them in the valleys by denudation, but this is shown 
not to have been the case, independently of other proof, by the folding of 
some of the same vertical rocks into the section at the north side of the 
Leeloohan (Lildhdn) glen. 

Westwards towards Deh Oomar (Dd l/mar) the hills rise and the 
nummulitic limestone spreads out, rolling over them with one larger 
synclinal than the rest, corresponding to the termination of the Ohordudi 
valley. To the north and north-westward high nummulitic ground only 
could be seen, and it was asserted that in these directions the tertiary 
sandstones were rarely to be found among the hills or in the Bungush 
valley. 

* ThU Rod following lectioni biiing diagreiDmatic do not alwaya follow atraight linea 
aa it baa been sought to espress all general or prominent atructnres near them. 
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2. — The fuertkeru waUnkei of the Teeree Towg {T(H Taut) hatin 
and hUle from Murdd* Kkdi eoehoard by Weejoonm {Wdjd- 
turn) and Dmbbohu nearly to tko Indue. 

The umnmulitic limestone ae usual fonns the high ground overlook- 
ing the rriil) valley near the Murdhn EUidl ; yet 

NiimmuUtic limestone 

nn cTORts of hills, and berCy though but ten miles apart^ the sections 
soft lower nnmmnlitics. ^j£fey much from that last given; a singular 

"T-Bhaped glen^ opening through a rocky gorge lAuthwards into the larger 
valley near that village, having been eroded from a soft clayey and 
sandstone group in the nummulitic rocks uhseenP before and which pre- 
dominates in this vicinity. 

Besides the occurrence of different rocks, the usual amount of mis- 
Inversion: Muid&n rqiresentatiou prevails in consequence of the inver- 
sion of the beds, a feature strongly deyq^oped here. 
Here, too, a band of rocks so identical with the lower tertiary sand- 
stones as to be undistinguishable appears with all the aspect of intercala- 
tion between the nummulitic limestones, and follows their outcrop, divi- 
ding one band of these limestones from another. 

In the gorge near Murd&n Khdl the arrangement shown in Fig. 5 
may be observed — 

Beds inverted. 

8. Purple and gray sandstones and purple clays at mouth of the gorge dipping 
northward at SO”, and upwards, tertiary sandstones, 
y. Thick AlneoUna limestones dipping north at 56”. 

6. Thinner and darker coloured limestone, nummulitic. 

5. Bluish-gray coarse sandstone and purple days identical in character with those 
of the lower tertiary sandstones, 

4. Limestone thinner bedded than 6 and 7, darker and more shaly. 

8. Lumpy, dark-coloured limestone with beds of j^ty shale. 

In these a band of coarse light purple conglomeratic sandstone 
occurs, apparently overlying which only odd beds of limestone occur here 
and there in sandstones often conglomeratic with pebbles of limestone 
and crystalline rocks. The limestone bands contain both Nummulitee and 
( 186 ) 
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Alveolina, the latter frequently, and the sandstone portion of the group 
may be from 300 to 400 feet in thickness. 

Hard, greenish-brown, clayey, calcareous bands begin to appear, and 
at a distance of 15 feet below (but apparently above) fossiliferoua 
nummulitic limestone, sandy beds contain pebbles of limestone enclosing 
Akeolina and Nummulitet. 

At this point in the section the glen within the gorge is reached 
and found to be occupied mainly by gray clays weathering of a greenish 
colour, often covered with a white saline efflorescence, and, though undu- 
lating at lower angles, presenting a conformable transition from them- 
selves to the sandstone series at the head of the gorge. 

It is one of the most complete and delusive cases of the inversion 
Ddiisive«ppMruu!eof “ common in the district; all the aspect of the 
■•ction, section from the lower tertiary sandstones to the 

south indicating an asceni to higher beds, among the highest of which 
derived pebbles of limestone resembling that in the section would bo met 
with ; and yet this cannot be an ascending section, for the same nummu- 
litic limestone may be found both at Lachee (lAchi) to the east and near 
Dursh^i to the west, folding over anticlinal axes, and passing beneath the 
tertiary sandstones, &c., which are thus shown to be inverted here. One 
way of accounting for the fossiliferous limestone pebbles enclosed in 
contemporaneous rocks has been noticed already at page 57. 

Between three and four miles to the eastward of the section just 
described, the section from the Teeree (Tiri) valley • 
^ mountain . 1,0 exhibit* the 

inverted ord« of these bode with somewhat different festares, the gypse- 
ous series being introduced 1^ a fault or faults^ and even more of these 

aie apparent being very possibly present. 

Fig. 6 shows the section up to Shhh mountain from plain to south 
in the Teeree valley. The figures, tc., are explained below : — 

a Oypnou leiiM. A Bed cley nae. A NammttUtic eerie*. 5. TeftleryeMdatone, etoy*. *4-. 
(Lowct).P. Fealte. 
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k . — ^Tertiary purple aandstoBe^ gray landatones and purple daya nrach contorted, 
y.— Knmmnlitic limeatone with hard, gray, and white marly Inmpy layera ; aome dightly 
granular layers contain eMtoid fragmonta and apmea, nummuUiea rare. 
i , — Bright red day. 

A. — Pale purple or brownish aandatone and red olay. 

— White, marly, thin lumpy, and thin alnwUna beds, and strong limeatone. (This 
limeatone hand ia apparently cut out by a fhnlt to the east). 

Altemationa of sandstones and red day. 

e , — Fde brown sandstone weathering dark brown and oli70 sometimes containing 
pebbles. Towards the upper part of the hill beds of day of a greenish olive or 
gray colour predominate. Limestone pebbles occur in the sandstones* and there 
are small nurnmnUUs both in these and in the matrix, 
c.— Red-clay aone. Fault or Faults here. 

! h , — White and gray gypsum dipping generally to the north, 
a, — Greenish day band in the gypsum. 

The gypsum is overlaid by red clay (c) which possibly represents that at/ and i, 
and this is succeeded by the strong nummulitio limestone (d) which forms the 
summit and northern snrfiice of the hill, passing downwards into the Leeloohan 
(Lildhdn) glen. 


On the western side of Sbdh mountain overlooking the eastern 
Bhah-dmng salt local- previously mentioned 

is the site of the Shah-drung salt in connexion 
with the gypsum, and just beneath the continuation of the red day band 
(c) in the above section. 


The difficulty of understanding this section by reason of the 
inversion of the beds is increased by the dislocation 

Dislocation as well as 

inversion obscuring the of the rocks. Two zones of bright red clay not 
seen in the Murd&n Kh61 section occur here at 
J[/) and (i); one of these may be the representative of the red band (e) 
below the nummulitic limestone, but it is difficult to say which. In this 
section the reversal is even more pronounced, the nummulitic bedsy 
absolutdy resting with some horizontality for a diort distance upon the 
lower tertiary sandstones, &c., and purple sandstones resembling these 
are found at (>i) in the same place as the band (5) in the Murdan Kh€l 
section, and with the same appearance of intercalation, but less like ordi- 
nary tertiary sandstone. The positions of the rocks are so strange 
and there is such evident dislocation, it can only be suggested that the 
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Swani Sir part of the section once stood higher relatifelj to the rest ; 
and after it subsided, the southern portion abo sank, most probably along 
another line of fault. The ground is, howerer, Teiy obsonre, and 
where the best sections might be expected to be found, is overgrown by 
grass, KaOf and other bushes; a most exceptional occurrence in 
country. 

Less than two miles eastward of this section the gypsum is seen to 

Oypsam in interior of occ^^y ihe interior of an anticlinal fold or nose 
an anticlinal. nummulitic limestone, bright red clay in- 

tervening between these two as shown upon the map. Some of the brown 
Lower nnmmaUticeand. Conglomeratic sandstones appear here also closely 
associated with the red clays, but so obscurely 
placed that it would be rash to say which was the newer rock, the pro- 
bability being, however, that these brown sandstones are next older, 
in the local series, to the red clay over the gypsum, and thus older than 
the nummulitic limestones. The exterior portion of this anticlinal 
towards the Teeree valley shows nothing of anticlinal form, the 
nummulitic limestone dipping steeply the wrong way and presenting an 
escarpment to the sooth. Within the apex of the curve and on its 
northern side the beds assume their proper order, passing bepeath a 
portion of the lower tertiary sandstone series, which is faulted into a 
small valley between the anticlinal and the western part of Shah or 
Swani mountain. 

For six miles to the eastward of this place, as far as the mouth of the 

Mooth of tMlooh«ii I^eloohan (LnOh&i) glen, the nummiilitio lime. 
(Lfldbto) vaUey. stone presents a strong scarp to the south, rising 

above crushed and contorted folds in the tertiary sandstones along its 
base, these sandstones, where a general dip can be observed, appearing to 
incline towards rather than away from the limestone. The feature is 
suggestive of a fault, but where inversion pievaSs to such an extent as it 
does here, this is quite sufficient to account for the anomalons positions 
of the rocks, though faulting may also occur. 


( ) 
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The portion of the Teeiee (Tirf) Talley overlooked by the hills 

Dotiital depoiitf in described is open, but not level ; most of the 

Teerce (Kri) valley. streams expose the tertiary sandstones, and the 
g^und between often presents a considerable amount of shingle, gravel, 
clay, and such superficial accumulations arranged in the form of terraced 
hills, somewhat after the manner of the'Karewah' of Kashmere, but 
not of equal extent. 

One broad group of hills occupying most of the valley from two 

Nearly borimtal beds ^ miles east of the town of Teeree (TirQ is 
in valley. instructive, showing how much less disturbed the 

rocks are in the centres of the synclinal valleys of the country. 
The sandstone and clay beds of these hills are in places nearly horizontal, 
or slightly inclined from the middle of the ridges on either side to a 
common axis near the middle of the valley, and as is oommoz^in such 
beds so placed they present strongly marked escarpments on the crop 
side. 


The hills culminating in Kole Sir present a very complicated struc- 

KdeSir. oMniOio^ antidinal and ayndinal folds havingr 

gimiid. A Hit ioodi<7. suffered much disturbance and dislocation, in con- 
sequence of- which there are numerous exposures of gypsum, the green 
clays associated with it, the red clay above it, and the nummulitic lime- 
stone overlying this, while the tertiary sandstones, &c., are found at 
different elevations around. Here also south-eastward of the summit 
where the largest exposure of the gypsum occurs is the rock-salt locality 
of Solthorbagar, described in the appendix. 


Along the southern slopes of the hills the limestone appears to have 

slipped from its place sometimes en mam. and some- 
Slippage of limeitoDe, ... 

tunes to owe its position to faulting. The sand- 
stones of the valley, often of a hard texture and ash-gray colour, asso- 
ciated as usual with purple daysj appear close to the bases of the hills 
and for a diort distance up their slopes. As usual also their dip 
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is reversed^ leading the beds at high angles below the nummnlitic 
limestonej but the junction of the two groups is generally concealed 
by ddbris of the latter rocks. Crossing this limestone the following 
section was found eveiywhere inverted 


a 

7. 

6 . 

6 . 

4. 

8 . 

2 . 

1 . 


Thick, oompset dheohma limestone, white nnd jdlow, verj Inmpj in pleoes, 
and containing clniten of coral fossils impacted, and difficult to dls- 
tingnish, about 

Thin, Inmpj, and marly light coloured limestone full of fossils^ aum- 
nntliiM, dm. ... 

Strong limestone toll of very smsU nnmmnlites ... 

Thin and thick regular limestone wiUi few fossils, semi-oolitic looking ... 

Earthy-gray limestone with greenish shales, aaaisiulttaf 

Remains of a hand of cherty limestone of dark colour containing white 
fossil fragments, no mmwmUi^ found 

Bed clay 

White, gray, and variegated gypsum occupying 60 yards of horiiontal 
space, maybe 


80to60 


Crossing this gypsum mass at its northern side was found a thick 

Difference at each side greenish days not Seen to the southward, 

of the section. and beyond it a thinner band of gypsum occurred, 

all dipping steeply to the north. Over the latter gypsum, the red clay 
previously met with was much more largely developed, and immediately 
succeeded by nummulitic limestone forming the crest of the ridge, the 
debris from which largely concealed the clay and gypsum just below. 

Although there is a want of continuity, and the greenish clay would 
seem td be capriciously distributed through the gypsum, the steady 
high northern dip from the plain or valley to the south as far as the 
gypsum here must be considered inverted, this gypsum forming the 
centre of an overthrown anticlinal curve. The dip continues still high 
to the north, but after leaving the gypsum the order becomes natural ; 
the nummulitic limestone of the crest is succeeded by the hard light* 
coloured alveolina marble, and the tertiary sandstones, clays, ftc., whidi 
seem buried beneath the whole section, appear at top in the valley between 
this place and Lachee (Lichf). 


( ) 
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Fn»m tibe vuniiify of the dd alt-auMi abovo maBtianed, tiiit gyp- 
nun stntoihM eastward bainraen^two bands of the 
Oypmm, Umeatona to • point doe norft of Ismafl Eh^ 

its ^eral arrangement bong that ahown in the 'ricetdi aeetaen (Kg. 7), 
OKMaing the ridge, where the latter is oompara- 

Etoctiou* 

tivdj lowp by west from the last named 

vfllage. The namben are as follow — 1. Gypseous series. 2. Bed 
clay zone. 8. Talus ddbris and conoealment. 4. Nummulitio lime- 
stone series. 5. Tertiary sandstone and clay series. 


jMtrM oriiT. Mural aritr, 

Od— Piupla Mnditone. o.— Poi^e wsaA gnj Miiditoiie and nd olajt 

a PniplaflBd ing pModo-oongloiiMrate in nd (Mnme bada), 

elajib (Hama bada), oalouaoiia. ik— Haid dnn and whlttah oiaaaMM Umaatona or 

4r~A lnMaa UinaBtona. marbla. 

a.— Onan gjpaaona frith hard gsrpaaona ail— Bad alaj, very nd abon. pnrpla and rad wltb 

layaiii nrUaaL tandj ftmgiDoiia layan (0 bdow. 

/r-atroBg. liBkj, loUd, Bhlta gypamn. h.-SoUd gypanm. raddidi and Sag^ i^bon wlih 

f.—PbIe-gnaiiiih day, wlih hard lima banda (h). blaok Utaminona lajara. 

y.— Onyiahpgraen day. 
i— Strong white gypanm. 

This section is one of many which may be found in the oountiy— 
Oispultj of the op. diowing but an inadequate representation of the 
l^te ridee of Nedon. former state of things. The double band of lime- 
atOne with the gypsum between is a broad fact consonant with the 
atmoture of other plaoesp but between these limestones the section^ 
though rather well ezposedy remains obsourep so that it is difficult to say 
where the boob of eurrature may be. The red day zone below the 
Burnmnlitio lunestone is strengly displayed to the northp (as in the* pxe- 
oeding section), but what there may be of it to the south is oonoealed, 
and the nummulitio limestone itself is apparently thiofcer at the north 
than at the south ezpoaure. If room for these beds to thin out to some 
extent over the enrve (die diatanoe aeroaa which is only about half a 
mile) be auppoaed, the diffionlty would become leaa, but in its oentre, 
where the bands on opposite aidea would be mudi nearer each other, on 
even greater diqMvity is fonadj the gypanm and day altemationB not 
answering to each other. Cnuhing, oom pr eado n aSid tendon or traction 
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may have greatly modified appearancesj yet still there would seem to 
have been much original irregulariiy in the arrangement of the different 
bands without the introduction of extreme dislocation by faulting which 
appearances would scarcely justify. 

About two miles east of this section the cast and west run of the 
Intermption to outer- “dge is interrupted by a sudden crush as it were 
ly run of gypoam. exerted in these directions^ the gypsum 

bulging out after becoming narrower even than where the section runs^ 
and then being rapidly lost sight of eastward^ whom the ridge is formed 
by a thin rib of the limestone in continuation with the northern liand 
shown in the section above. 

There are some red clays seen at intervals among the dAris on the 
south side of the narrow rib of limestone, but the 

KuiToppd Incline. 

second limestone band has disappeared, vertical 
purple and gray sandstones taking its place, associated as usual with n*d 
and purple clays. 

The road from Koh&t to B&nud crosses this range, and ascends by 
a steep incline to a higher level at a place called Kurruppd, where there 
is a booij or tower used by the men who convey the district post. 

The nummulitic limestone here appears much crushed, its thickness 
reduced to a few beds of the hard alveolina limestone, and its dip has 
changed in the opposite direction, the rocks here underlying to the south 
at a high angle where not vertical ; though not far from the northern 
end of the little pass, they assume open curves. Fig. 8 shows this sec- 
tion at Kurruppi incline, a . — Red clay. ^.—Nummulitic limestone, 
c. y.— Tertiary sandstone, &c. k , — ^Probable fault. 

S.— 49oft. greenlih wndctonw and pMiido<coD- i Soft, greenlab, ud grv aMidatmiaa, ud nd 
i^oiuiito aad porplaalaja. and purple claja. 

e.— Bad <day. /.—Coogloroantle bed ooDtalolug eiyataUlDa roek 

A— Hard nummulltle UmaatoM. j pabblea. 

Brlgbt-rad day (poaalbly tha bud bdow j a.— Gray ud fraenlah audatouaa with predoiai- 

tha nummulltio llmaatona f)* uallnf red elaya. 

k 

* Id aueb a oaae aa tbia, It is oftm Impoaalble to dtatinguiah between the brifbler rad alaya of tbc 
tertiary audattincs ud the red aoue lielow tha nuinnuUtic UiaeatoDc. 
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One peculiarity observable here is the occurrence of a conglomeratie 
layer / containing scattered pebbles of quartzite 
crystalline or hard metamorphic rocks 
among beds which^ both from their place and 
aspect^ would seem to be some of the lowest of the tertiary sandstone 
series. Fragments of these older rocks have been mentioned as 
characterising the higher stages of the series^ but their appearance 
below is quite exceptional, at least in the form of pebbles, or blocks. 

The narrow rib of limestone continues eastward for about seven 
miles, forming the backbone of the ridge, which 
eut ending in an anti- is flanked by vertical and disturbed sandstones 
and clays similar to those at Kurrupp&. Towards 
the end of that distance it becomes slightly wider and terminates in an 
anticlinal ^ nose * of considerable regularity, the axis of whiclajsinks into 
the adjacent lower ground, the ridge disappearing at the same place, and 
the sandstone beds successively embracing the curved surface of the 
highest limestone layer. 

The aspect of the ridge in the neighbourhood of Kurruppd would 
never of itself suggest that the limestone baud belonged to pari of such 
a simple curve as is seen here. To interpret such sections by appearances 
would manifestly lead to serious error, and the difference between these 
appearances and the fact will convey some idea of how enormously dis- 
torted is the stratigraphy of the district. 


Keturning eastward by Kurruppd to the hills north of Ismail 


North of Iimatl Khel 
another anticlinal. 


Khdl, we find another horse-shoe anticlinal ter- 
mination to the nummulitic limestone with which 


they are covered. Nothing in the general aspect of this hill at 
the place would suggest its structure, but at a little distance from 
the end, which, unlike the last, is presented westward, the sandstone and 
clay beds are found to come round in a bold curve, the southern side of 
which has a more gentle inclination in that direction than the northern 
( 194 ) 
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to the opposite^ some of the beds there beings vertical or even pushed over 
beyond the perpendicular so as to underlie to the south. 

To the eastward the anticlinal opens, its southern side disappears, 

Gypium and red tone probably buried by a fault, and the northern' 

within the curve. curve ooincides with the ridge to the 

eastward, passing by Sh&wuki. J ust where the southern limb ends, a 
quantity of gypsum is seen within the curve at a place where * salt mines ^ 
are marked upon the map. Here the ground Ipoked as if it might once 
have been disturbed artificially, but none of the natives could give any 
information as to salt mines having been formerly worked at the spot : 
the presence of salt here is notwithstanding by no means an impro- 
bability. 

A north and south section here through a little pass, used as a short- 
cut from the Jatta salt mines to Lachee, is given in Fig. 9.— 

2. Gypium. a. Ononlih oliy with culesnoui laym. 4 VurliRmted purple, md, und irnmi olay wlih 
mndy bindi. 4 Dark, chexty llmeitone. fl. Bhaly, nummulltio limoHlone. 7. AlmmUmm UmMtoue. a. Very 
red Olay. 9. Soft, greenlih, and gray aanditonei with a fkw harder banda and nd olay bade. F. FbuU. 

This section, like that north north-west from Ismail Khdl, is 

inverted, and liable to be misunderstood without 
Jnvenion. ... i ii • 

due weight being given to the prevalence of in- 
version in many parts of the district. 

Approaching the Little Pass &om Kurruppd, ridges of soft, greenish 

Pdaa aonth of Kur- sandstone highly inclined to the southward are 
ruppa aecUon. ^ north. Clays 

among them are not much seen, being apparently concealed by surface 
deposits while the sandstones project. Similar beds are seen at the base 
of the ridge near the entrance of the pass, and higher up on the ridge 
close to the limestone deep red clays appear, much overshot by yellowish 
or buff ddbris from the latter. The limestone first met with is of the 
hard Alveolina-beariug kind, associated southward with more shaly layers 
containing Nwmmulitei. All these beds dip to the south at 45*. Several 
yards further southward is a strong dark band of cberty limestone dipping 
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in the same direction and at the same angle. The chert of this band 
is white^ and the limestone contains some obscure black fossil fragments, 
and granular knots or nodules. In the stream bank below the pathway 
as though overlying^ at a little distance, the cherty limestone, are varie-' 
gated i)urple, bright-red, green, gray, rusty, sandy and clay layers (14 in 
the section), and just beyond these variegated beds in the more open 
ground are hillocks of red and greenish clay with masses of contorted 
gypsum. Close to the southward of this some gray clays weathering 
greenish contain calcareous, lumpy, fossiliferous layers with Cone9, Oysters, 
&c. Associated with these are red and gypseous clays with layers of 
deep liver-coloured sandstone, undulating over the ground with knolls of 
gypsum appearing from beneath the red beds, being overlaid by nnm- 
mulitic limestone forming small hills, in the sides of which red ddbris 
is intermixed with the limestone detritus. The plain here between the 
pass and the Jatta hills is flat, but in the deeply cut river rflid stream 
valleys the soft, gray, greenish, and bright-purple beds of the tertiary 
sandstone series re-appear, with one very bright-red zone of clay, 150 
ibet thick. They strike east and west, and are either vertical or at 
high angles, generally dipping to the north, but show some greatly com- 
pressed synclinsd curves. 


From this place eastward, to and beyond Shdwuki, the nummulitic 

ShawukllimertionedU. l»“>cstone is greatly disturbed, often quite vertical 
tarhed and rerernd. reversed abovo the tertiary sandstone on the 

iLOilhern flanks of the ridge, and with a talus of limestone debris upon 
t he other, allowing little to be seen besides an occasional protrusion of 


gyfisiim 


The limestone is about 100 feet in thickness. 


The part of this ridge between Eureerosum (Kurirosum) and 
Focus of contortion Sooddul (Sudul) close to the termination of the 
(86duU ^"TndT'^inraS smaller ridge from KurmppA is a focus of intense 
limestone ospping. Contortion broken through by faults. The simplest 


* The Jatta ellipsoid close to this part of the ridge described will be found mentioned 
below. 
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of these contortions is an oval, quaqoaversali dome-shaped sheet of the 
nummulitic limestone, just south of and about a mile distant from 
Sooddul (Sudul) village; but even this is faulted to the east, and sends 
a narrow band of the limestone southwaid to join that of the main ridge. 
The latter between this place and Shdwuki shows the nummulitic lime- 
stone on its northern side as a boldly curving convex sheet descending below 
the sandstones of the valley, but between this boldly curved sheet and the 
dome-shaped hill, a portion of the limestone is absolutely inverted so as to 
form a small cap upon a summit of the ndge which is mainly composed 
of contorted tertiary sandstones and clays. Fig. 10 is a diagrammatic 
sketch of the place from the dome-shaped hill, and Fig. 11, a section 
south by west from Sooddul (Sudul). — 

2. Gyptam. 2. Bed oloy lono. 4. NammoUtio limeitone. fi. Tertiary unditonci Be. 

The contortions necessary to produce this result are difficult even to 
imagine. If a second band of the nummulitic 
Eitreme contortion. limestone were admissible, it would make things 

easier to comprehend, but no such second band was observed in the vici- 
nity, and where there are so numerous evidences of extreme contortion, 
compression, and inversion in the district, it may not be too much to sup- 
pose this, one more among many strange cases of the strata being over- 
thrown. The cap is a veiy small one ; hence, perhaps, the difficulty of 
connecting it with curvature of the adjacent beds, but it must be re- 
membered that the distorting forces which have operated in this district 
were sufficient to produce extreme results, and force the rocks into the 
most anomalous positions. 

Another instance of this is not far to seek, for within two miles to 

Another inetuioe to eastward there are again obscure cases of su- 
thee&etwird. perpositioD of the nummulitic limestone upon the 

lower tertiary sandstones at a prominent peak upon the crest of the ridge 
due north of Kureerosum (Kuriiosum). The very aspect of this conspi- 
cuous knob, even from the village named, tells that it is of limestone, 
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but the tertiary sandstones may be plainly seen beneath intenrenins*; 
between it and the limestone which forms the crest of the hill. 

On ascending to the spot^ the escarpment of the southern side of 
the ridge is found (as usual along here) faced by a talus of debris^ from 
which project some slipped and broken fragments of the limestone which 
forms the crest. Just beneath the 'edge^ are traces of the red clay zone 
quickly succeeded by the nummulitic limestone of the scarp. This is at 
first nearly horizontal^ but curving downwards becomes perfectly vertical 
here and along the northern side of the ridge towards the village of 
Malgheen^ (M&Igin). Following the curvature of the limestone are per- 
fectly parallel bands of purple sandstone and clay with filmy, metallic 
MckenBideB as in many other exposures of the ' Murree group' or lowest 
of the tertiary sandstone series. At the contact of these * Murree beds ^ 
with the nummulitic limestone is a band formed almost entirely of or 
containing very numerous small concretionary nodules of brora hematite 
elsewhere seen in a similar situation. These beds form the base of the 
peak, expanding also on either side as a thin patch to the west, but much 
thicker to the east. At more than half way up the side of the peak its 
capping of craggy Aheolina^UmeBtone is reached, and the apparen^fy 
lowest portion of this in contact with the sandstones is found to be a 
breociated-looking bed very commonly forming the vppermoBt layer of 
the nummulitic limestone, and here containing the hosmatitic nodules 
again, as noticed at the normal contact between the limestones and sand- 
stones beneath. 

The capping is entirely of the hard Alveolina limestone, greatly 

Alveolina limeitone. leathered and not more than 25 feet thick, if so 
Two other eachonUien. much. A smaller similar outlying cap occurs im- 
mediately to the north, and another longer one north of it, dose to an 
antidinalconvolntion of the ordinary limestone, ending suddenly close to 
the place, and used by the Mussulman natives as a conspionous point 
whereon to light their signal fire, signifying that the new moon has been 
seen and the fast of the Boza accomplished. 

( 198 ) 
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Figure 12 is a sketch of the place in plan^ and as viewed from the 
latter point. Fig. 13 gives section north of Kureerosum (Kurfrosum). — 
2. Place of the gypseous series. 3. Red clay zone. 4. Nummulitic 
limestone. 5. Tertiary sandstone series. F. Faults. 4 4 B, 4 C. 

Nummulitic limestone caps. 

And Fig. 14 shows the caps of limestone uoi*tli of Kureerosum (Kuri- 
rosum). — 


Fault. 


A. LimMtone. B. Sandstone snd clay. C. Jidbrls. D. Fault. 

These three cappings of limestone lie within a distance of from 
to 100 paces. The two southerly ones appear shaken and somewhat out 
of place rather than presenting complete conformity to the sandstones on 
which they rest ; the contact of the other looks more natural, so that a 
second zone of nummulitic limestone was sought for, displaced fragments 
of which might have formed the other two caps. No such second parallel 
hand of the limestone, however, could be observed anywhere in the vicinity, 
and where so much rock is exposed, if it were pre- 
sent, it could hardly escape notice. A fault which 
may have some possible connexion with the complexity here runs from 
west to east between the most northerly capping and the limestone anti- 
clinal-turning north-eastwards apparently, for steeply dipping beds of the 
sandstone group run directly at the end of the curve within a short 
distance to the east, as shown in the sketch plan. 
Along this fault in a narrow ravine to the west- 
ward red clays are exposed as if cropping from underneath the nummu- 
litic limestone, which close by to the north bos lost its anticlinal cur- 
vature and forms a perfectly vertical rib. Ano- 
ther fault may perhaps run parallel to this be- 
tween the two southern limestone caps accounting for the sudden change 
in the dip, from having a low northerly inclination beneath the two 
northerly outliers to vertical beneath that side of the highest cap. 

The whole strike of this part of the ridge sets straight at a carved 
part of the escarpment to the west as though to 
run against the outcropping ends of its beds, and 
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the dislocation at the junction would seem to require more than one 
fault to account for the positions of the rocks^ tl^e red clay zone, the 
gypsum, and thick greenish-gray clays of the gypseous series being all 
forced into strange positions by faulting or slippage, or both. 

From this place, for many miles to the east, considerable regularity 

Eegnlarity to eastward P^vails, and the ridge presents the same features,— 
aUms outcrop. ^ vertical rib of nummulitic limestone forming 

its centre and crest flanked on the north by equally highly disturbed or 
vertical sandstones and clays, among which a purple tinge predominates, 
and on the south by a steep talus covered with limestone debris, occa- 
sionally showing some protrusion of gypsum or some landslipped masses 
of the limestone from above, or from its colour indicating the presence 
of the red clay zone beneath the detritus. 

It maintains this character on the south side the whol<^way to the 
Indus, where it suddenly disappears, but on the north in the vicinity of 
Tarw&beyr& (Turw&b4rfi) it becomes connected with another parallel 
mountain about five miles in length, both rising together to a much 
greater elevation than the rest of the ridge. 

All round this other mountain, one end of which overlooks Wee- 
joosum (Wijtisum) and the other Drubbokus, the 

Mountain between i i . 

Turwabeyrd and Drub- rocks and their arrangement are plainly visible. 

Along its whole length the nummulitic limestone 
occupies the highest ground, forming open, easy curves dipping from 
a nearly straight but broken scarp in southerly directions, where it 
becomes overlaid by the lower tertiary sandstones or Murree beds. 
These latter form two synclinal troughs, meeting endways on the high 
ground, and at one spot turning over somewhat as a horizontal cap 
covering the highest part of the ridge to the south. 

The regularity of the beautiful curves formed by these sandstone 

Fin. »«npl« of enr- disturbed at a place near 

vaturo of strata. Indus termination of the southern ridge where 

the beds in the opening of the widest trough, eastward, form one 
( 200 ) 
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oontortion within another. The ««« of both these synclinals ooinoide 
with the fall of the valleys^ eaoh bed curving round within another, one 
side of each trough oonforming to the continuation of the ridge from 
Ismul Khdl, the opposite one to the southern slopes of the a^aoent 
mountain. 

At both the Turwibeyii (Turw&bdrd) and Drubbokus ends of the 

Anticlinal terminAtion anticlinals may be traced, over the 

of moautain. ^hieh these sandstone and clay beds roll 

into the rocky valley between these places and the Sireemeyla (Sirimdla) 
hills, but along and beneath the escarpment of the limestone between 
these villages the sandstones are all vertical or dip southward as though 
to pass below the limestone which they are elsewhere seen to cover. 

Among these lower tertiaiy sandstones, fossil bones or bone frag- 
ments may be found, and in the deep valley be- 

Fottil bonei, and wood. 

tween Weejoosum (Wijfrsum) and Drubbokus one 
greenish sandstone zone at least abounds with exogenous fossil-wood. 


From inspection of the map it will be seen that the ridges so far des- 

Deviationfromeaitand absolutely fixed direction, but pre- 

weft ooune. setYB their east and west course by gently devi- 

ating lines. Towards the localities last noticed there is a tendency to 
bend to the northward of east, an inclination which is further developed 
in the hills of the Sireemeyla (Sirim^) group. 

These hills, like those which have been lately described, are narrow 

SirMm«jU (SUmO.) on one aide 

the nummnlitic limestone. The whole group 
rises more than might be expected, from the Koh&t plains, but part of 
the apparent elevation may be caused by a sudden descent to the Indus, 
close to which they lie, and near which the ground is often rocky, rough 
and difficult. 

The gypsum appears as usual either within an incomplete anticli- 
nal fold or on the sides of the ridges opposite 
to those which are covered with the nummulitic 

( ) 
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limestone^ and the tertiary sandstones generally^ have strongly the 
Murree aspect^ purple sandstones alternating with bands of red clay. 
Over these the beds assume a greenish tinge, gray and greenish sand- 
stones alternating with the usual reddish clays. One mass of these 

Tertiary BRndrtonea northern side of the ridge from Siree- 

formiug serrated outlinea. meyla eastwards, steeply sloping and with serrat- 
ed outline, repeats in miniature much of the asi)ect of the beds facing 
the high Sheenghur (Shfnghur) mountains as seen from this district. 

The whole of these hills bear evidence of intense pressure, throwing 

Contortionof the whole ““y 

gronp of hills. jg the case) maintain a certain borizon- 

tality for many miles, and then suddenly stooping below the level of 

^ the flatter ground disappear from view. The hills 

are also not more free from faults than elsewhere, 
the chief effect of which is to cause the total absence, solhetimes for 
long distanoes, of the nummulitic limestone on one side or the other 
of the main ridges. 

The narrow isolated limestone ridge of Wirshund north of Mal- 
gheen (Mdlg^n) has suffered such disturbance that 

Wirah nn d ridgC. 

the same limestone rocks which form a compressed 
anticlinal to the east are perfectly vertical along its crest and continue 
BO to its western termination. 

The general arrangement of the rocks will be understood from the 
section in Fig. 15, crossing the Sireemeyla (Sirimdla) ridge, the Drub- 
bokus valley, and the mountains to the south. 

2. Gypsum. 8. Red sone. A Nummulitic limestone. 6. Tertlaiy sandstone, Ac. 6. Upper ditto. 

Within a mile to the south-eastward of Siieemeyla (Sirimdla) 

Sireem^la rook^alt oocurs the last known exposure of rock-salt in 
locality. direction, (it will be found described in the 

appendix). The salt occurs as usual closely associated with gypsum, 
a long and narrow stripe of which runs from beyond this place 
towards Weejoosum (Wijusum), forming the core of the limestone hills, 

( m ) 
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aud bordered by the red clay zone^ which constantly underlies this lime- 
stone. Just at the place where the salt occurs there is a deep narrow 
valley leading the drainage to the Indus, and finding its way (as is fre- 
quently the case) right across the most southerly of the Sireemeyla 
(Sinm^la) ridges. This valley is occupied by vertical or highly inclined 
PhuU purple Murrec beds, from which one walks directly 

on to the gypsum^ the junction being efiected by a 
fault in which at a little distance to the eastward a fragment of the 
limestone remains wedged as if to show that but for this dislocation it 
would have been continuous. 

At the Weejoosnm (Wijfisum) end of this ridge the anticlinal 

Anticlinal north of structure is Somewhat seen, but more strongly pro- 
Weqoomun 

in the sandstone rocks, which, curving 
round, embrace its termination between that village and Chushum B&uda. 
Along the south side of the ridge the nummulitic limestone with miuiy 
contortions shows itself always on high ground' as far as the gorge by 
which the stream from Sireemeyla (Sirimdla) escapes southward ; but here 
changes sides, lying upon the northern slopes hence to its eastern end. 

Close by the village last named another ridge commences, having 
Sireemeyla (SfnWla) the limestone also on its northern side, and tin? 

usual talus or ddbris covered slope to the south. 

Near the eastern end of this are the sulphur pits of Ouujully, in alum 
Alum dmim ud ml. shales just at, or slightly beyond, the border of the 
phnr pita Onnjnlly. map, but deserving of mention hero, the place 

having the reputation of being formerly worked to a considerable extent.'**' 

* The place ia wroogly ahown apon the map at the northern baae inatead of the 
aonthem aide of the creat of the ridge, the error being one of iVom a mile to two milea. 
Friamatic compoaa bearinga to fix it made Sookawur (Sdkawnr) Hdkam anmmit aouth 80^ 
weat, the anmmit of the mountain between Drobbokna and TurwAbejrfi (Tarwabdr^) sooth 
88|* west, and the jnnotion of the Teeree (Tiri) Taui with the Indoa sooth 6** eaat. 
The locality ia referred to Dr. Fleming (see Report Aa. 8oc. Jl., Bepg., 1863, p. 848) as 
having produced 1,000 Lahori mannds of snlphnr annually, bat it is not now worked, thoqgb 
the anlphnr might be made available fbr the blasting powder factory at lAchi, only twenty- 
four miles di8.tuiit. 


( 40.1 ) 
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These black alum shales or sulphoroas beds are situated close to tbe 
top of the gypsum apparentlyj but within it ax^ not far below the 
nummulitic escarpment fonning the crest of the ridge overlooking 
Ounjully. The whole of the associated beds are here intensely disturbed 
and thrown into sharp contortions, while immediately to the south a 
reversed fault makes the tertiary sandstone and clays at their junction 
with the massive white gypsum appear to dip beneath the latter. 

The shales are in places veiy carbonaceous-looking, and on their 
weathered surfaces plates of selenite are lying, which have been ap- 
parently weathered out from them. Chemical reactions seem to be 
actively going on, the whole place emits sulphurous fumes, the pyrites 
in the shales is mostly decomposed, and the alum on surfaces of the rock 
acts strongly on one^s hands. Native sulphur occurs on the sides of small 
cracks in the shale, small portions of which were easily ignited by a lens. 


( 204> ) 
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8. 2!l« Ifummnlitie ellymii from MmuHtU to B&oi& t» tio KoM/t o%i 

Bdtuni road, 

On ascending the Manznlli or Tliredcannshpa (^likannshpa) ridge 
near IUigo>tnngiS&, the Dullnn Tallejr, or plain, at. 

Rocki Bi von noin 

R4gD-tnng£ Sir noitherij the head of one of the bnnches of the Teeree Toi^ey 
(Ttn l!!aai) river is seen atretching away on the north 
side of the ridge to the Koorum (Kdram) river. In this valley there is not 
much rock seenp but what there is within view forms a continuation of the 
tertiary sandstones and days of the Teeree (Tin) valley. Rising from 
the latter between the two southerly head-waters of the Teeree Towey 
(l^ri TauQ is the long anticlinal ridge of nummulitic limestone^ round 
the nearest or Dumbiro end of whidi the sandstones are seen to bend 
northward from the village of Amin K6t. This ridgOi as far as it can 
be seen, appears formed of the same limestone, with the sandstones on its 
flank, forming the northern side of the Dullun plain. 

Southward from the Threekanushpa (Tbrikanushpa) (on the map 
Turkainushbo) ridge extends part of the country of 

Southerly view. 

the Waauris, formed of a central somewhat elevated 
mass of soft undulating sandstones, supporting the crags of Kifiir Kdt, 
a rocky depression intervening between this mass of sandstones and the 
point of view occupied by the lower beds of the tertiary sandstone 
series. 

Between the Wuzirf (WasirQ country and the Dullun valley the 
Triple structure of Manzulli range has a triple structure, each of the 
MansulH range. three parallel ridges having a limestone crest. Of 

these the most northerly is the inverted north side of the MansulU and 
Hindi ellipse ; the middle one oorresponds to the southern side of the 
same, and the other is a narrow separate anticlinal divided from the rest 
by. the overlying sandstones and clays. This anticlinal seems to have 
been broken through or eroded so as to expose some of the underlying 
gypseous clays. The place is, however, inaccessible, being within the 
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Wazeeri country. The middle ridge of this western part of the range 

Higheit ridge. Britinh “ highest, and here forms the boundary 

Boondaiy. q( British India. Its southern side is covered by 

contorted tertiary sandstones, clays, &c., of the Murree group, but in 
the valley to the north, the green clays (jSAeenioura) of the gypseous 
series, and the overlying red clay zone, occupy the space between the 
opposite limestone sides of what was once an anticlinal curve, the 
gypsum itself not being seen. 

m 

Just at the top of the ridge, and nearly due south of the village of 

floatb of Goorgoori Ooorgoori (Odrgurl), the contortion is extreme, 
(Odrgiiri). nummulitic limestone being bent into such 

a curve as that shown in Fig. 16, (3. Bed clay zone. 4. Nummulitic 
limestone. 5. Tertiary sandstones.) And apparently faulted against the 
flanking portion of the tertiary sandstone series. Caps^of the latter 
rocks occur in more places than one, resting upon the limestone, and at 
the base of that shown in the sketch, the junction of the sandstone and 
limestone is effected by a passage bed in which lumpy nodules of the 
limestone, the size of one^s flst and under, are enclosed in a sandstone 
base. These nodules become more numerous downwards, and within a 
few inches or a foot, the sandy matrix disappears, 

Tranrition from the - i i. i • 

nummulitic limeiitone to the Upper layer of the limestone being a lumpy 
the tertiary Baudstoue. 

bed formed of the same nodules as occur imme- 
diately above. Besides this evidence of transition, there is in the nummu- 
litic limestone here a single bed of greenish sandstone precisely resembling 
that of the tertiary sandstone series; it is 15 feet thick where measured, 
and intercalated between the limestone beds. 

The valley between this place and the southern of the three ridges is 

Adjacent valley in contorted sandstones and clays, 

Wuseeri(Was!rQooantry. gome of the gray sandstones near the mouth of 

this valley containing conglomeratic layers, (noticed at the ascent on the 
road south of Lachee (Ldchi) as an unusual occurrence). Further south 
into the lower ground about Bahddur Khdl contortions are still found for 

( 306 ) 
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three miles from the hills^ the gray sandstones becoming soft and alter- 
nating with darkish-gray and brown clay as the Kaffir K6t mass of 
sandstones is reached. 

Eastward of the R&go-tangi and Turkainiishbo Sirs'*^ the sides of the; 

ADticlinal eastward of separate ; it is flanked by two smaller 

B^-tnngf. anticlinal folds, one on each side, both of which 

expose the nummnlitic limestone : indeed, that to tlie south also shows 
in a deep ravine some of the immediately subjacent beds. 

In this country greenish sandstones in thick or thin groups are not 

, uncommon among the lowest or more decidedly 

Oreen sandstones in ^ 

the lower tertiary sand- purple tinged portion of the tertiary sandstone 

stone series. ir jt o i j 

series. A strong zone of these flanks the southern 
side of the range north of Bah&dur Khdl, giving its side a distinctly 
green tint. This results very much from the position of the rocks, large 
portions of their surfaces being presented to the plain or valley, while 
the intervening clays stripped from these by erosion are hidden in small 
depressions, their concealment being no doubt largely assisted by the 
numerous arches into which the beds have been thrown. 

The limestone zone of the southern side of the hills is everywhere 

Limegtone (aonih aide intensely disturbed, often vertical, and sometimes 
ofhilla), and other rock, bending over to the north, as though to rejoin 
that of the opposite side of the ellipsoid; just below it the usual red clays 
are sometimes visible, but more frequently concealed by nummulitic 
ddbris. Here, too, closely associated with the red clays of the red zone arc 
disturbed masses of the brownish sandstones and gray clays or shales 
seen north of Murd&n Khdl and on Swdnai Sir Mountains, while in the 
centre of the range even forming some of its highest ground at theHan- 
zulli Imrj or choioH the gypsum appears strongly in great masses alter- 
nating with gray or greenidi gypseous Sheenkoura clays. The rock-salt 

* Cdlod by the nativM ItMthnogi uid Tbrvelminfbpi. 
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is obscurely seen in a few spots mentioned in 
Bslt 

the appendix as the Mjanzulli localities. The 
sketch section given in Fig. 17 crossing the fange south-west of Amdn 
Kdt will convey a better idea of the state of things than any elaborate 
description. The range is here about two miles broad. 


1, Book-«dt (plaoe pf)* X Qjpnmi and olaj. X Gnj olaji^ Ivowii nnditoiiM and thin Itaaeftone 
lajen, nommalltle. A Bed olejaoiie. 4 Place of ditta 6. Nuinmalltio. lampj, and ofeMSaa Ume- 
■toae. X Lower tartlafyaandatoiiea and daja, the eeiy loweet of the former, in plaoea oonglomeratle. 
FF. ikolte. 

The general obliquity of this section would suggest that the oon- 
OUSqne roaolt of the north and south pressure was transmitted 

eont^ng force. through the rocks at a considerable depth from 

the then surface of the ground towards which the opposing resistance 
proved strong enough to cause an underthrow of the whole section 
towards the south. 


The region of this disturbance may have been considerably more 
deeply seated than the present place of the contortions when it is re- 
membered that hundreds or even thousands of feet of upper tertiary 
sandstones and clays may have once reposed above the highest beds of 
the range. 


The disturbance, though great, seems not to have been lim^^ to the 
ordinary anticlinal and syndinal curves, but didocation also, as one result 

Diipaiity of oppomte tension, apparently took place. In the centre 
■idM of coDtortion. Qf ridge where the rocks might 

be supposed to have had least room for alteration or motion, a certain dis- 
parity of the bed of the gypseous series and those dose above the latter 
on each side of the axis may be observed (similar in a general way to 
that noticed regarding the sections north of Ismail Kldl), so that both 
sides of the antidinal within the hard nummulitio limestone are not dose 
counterparts of each other. It may be supposed that the curve of the 
beds now incomplete was suffidently extended to have admitted of some 
lateral changes during deposition, sandstones and days predominating at 
( 1208 ) 
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one side over the gypsum and limestones and clays at the other. In a 
shaip curve like this, the sides of which are pressed into parallelism^ whole 
groups of layers might have been squeezed out of their places in the 
curve. Something may be attributed to the existence of the salt, strong 
traces of which are present^ and the removal of which by solution could 
well be supposed to have initiated lines of weakness, inducing displace- 
ment quite irrespective of any kind or amount of contortion which 
might have occurred. 

In approaching the region of this section from the north or south, 
any ravine from the hills might show a local differ- 

LocrI differencot. 

once ; along the line taken the lower tertiary sand- 
stones and clays appeared at the north side as above, while other contor- 
tions off the line could also be seen, one of them coinciding with the 
conspicuous northern limestone arch. 

Among the gray sandstones and red clays, close to these northern 

exposures of the limestone, are a few beds of eal- 
Limeitoiio pebbles Sn ... 

lower sandstone of ter- careous pseudo-coDglomerate, containing fragments, 

tiary sandstone gronp. nodules, or pebbles of a rock exactly like the adja- 
cent limestone, but showing no signs of unconformity. 

The limestone is whitish and lumpy, of the Alveolina kind, and 
seems to include a small lenticular mass of red clays. This limestone 
zone where the usual 'bad step^ caused by it occurs a little further 
south, does not seem to be more than from 50 to 70 
feet thick, and owing to the inversion has the 
appearance of being overlaid by gray clays and sandstones with some 
purplish bands, amongst which are limestone layers containing num- 
mulitic fossils. 

Southward of these are gray clays close to the few and small 
exposures of the rock-salt seen hereabouts. These are presumably 
faulted against masses of white amorphous gypsum, 
o 


( 200 ) 



106 


WYNNE: TRANS-INDITS SALT REGION, KOHAT DISTRICT. 


Overlying this gypsum in proper order, gray clays occur again, tht? 

^ red zone usually occupying this position beinir 

Brown BiindatoneB and o- jt © 

gray clays : lower uam- apparently dispersed among the gray series, with 

muliticR. • « 1 1 

some representative bands above near the base of 
the overlying limestone. Over the gray clays are several feet of light 
brownish sandstones rarely conglomeratic, and quite similar to that of 
Sh&h mountains (Swinaf Sir). The immediately succeeding Alveolin^ 
limestone does not always form the very crest of the ridge. It 
projects at R&go-tungi peak, but close by to the east sinks into the 
face of the northern cliff, leaving the succeeding sandstones (here 
containing a few small pebbles) to form the ridge. 

From the crest southwards the ridge exhibits much folding and 
contortion of the limestone and sandstone beds. 

Contortion. 

the red clay zone being seen in its^roper place 
apparently, just within a large anticlinal curve of the limestone. 


A mile or so to the eastward of this section where the path to the 
Manzulli Chowki nins, the southern side of the 

Invcnion. 

anticlinal is inverted, the nummulitic limestone 
being again overlaid by the gray argillaceous beds, and purple sand- 
stones and red clays intervening between these and the gypsum, 
but at a short distance further east, at the Thdrdrung salt locality, the 
series regains its natural order, bending from the south over the ridge 
into a long central glen of the range. 

A little rock-salt is here seen under a cliff of gypsum much over 100 
feet in height, above which comes debris of green- 
ish clay for nearly 200 feet more, then red clays 
obscurely seen, and then the nummulitic limestone on the crest of the 
ridge covered by a thin cap of the tertiary sandstones. 


The next section to be noticed crosses the ellipsoid near the 
Section ionth-weft of meridian 71® east, the rocks being very much the 
same, but the contortion seems here even surpassed 
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by dislocation. Fig^. 18 shows this section across the hills south-west of 
Sharkf near longitude 7V east^ about three miles in length. 

1. Rock-salt. 2. Oypaatn and greenish or gray clays. 3. Gray clays. 4. Light brown 
sandstone and ddbris. R. Redclnys. 6. Nnmmnlitic limestones (lower ?). 6a. Numinulitic 
sandstones, limestones, and gray clays, limestouo layers containing Alveolinm, Some 
purple clays and sandstones. 66. Purple sandstone and red clay (very like No. 7). 6. Hard 
nummulitic limestone. 7. Tertiary sandstone series. F. Faults. 

The principal points in this section are the absence of the two 
lateral anticlinals seen in the east^ the limestone not reaching the surface, 
the development in the lower part of the nummulitic group of limcstonu 
and sandstone bauds^ the former fossiliferous and the brownish sand- 
stones of this horizon^ being limited as before to the south side of the 
principal anticlinal axis, near which and near the little rock-salf; seen the 
section again appears to be faulted. The absence of the red clay zone 
elsewhere so persistent in its place at the top of the gypsum (unless 
cancelled) appears strange, while it is found oh the inner side of the 
nummulitic limestone to the south. Another peculiarity is the apparent 
intercalation in the nummulitic limestone of a zone quite resembling the 
overlying lower tertiary sandstones, and the occurrence of a mass of 
the two latter groups faulted into the gypsum area and apparently 
structurally different as to details from the nummulitic border on either 
side of the ellipsoid. 

Approaching this section likewise from the north, the tertiary sond- 
Tortiory BandatoneB, stones and clays are found much disturbed and 
vertical in the Tiri valley : towards the hills 
they assume open curves, and at foot of these a red clay zone is con- 
spicuous among them. In a ravine up which the road led they become 
nearly vertical, again consisting largely of gray sandstones inclined at 
high angles to the west of south. The num- 

NummnliticlimeBtone. i. .i i ^ i 

muutic limestone has the same somewhat inverted 
dip, changing to vertical, and a thickness of about 160 feet where the 
usual hard baud crosses the gorge, forming one of the difficult little 
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passes common along the limestone zone. Above this apparently^ but 
really of older age^ come the followings arranged in^ their natund order 
from the limestone of the gorge downwardss as seen in the stream 
bank ; — 


Detailed Hat of heda ai ha in Section above lower nummulitie aeriea, bed- 
ding vertical to aoutk-weat at TC’-SO”. 

Feot. 

16. Qreeniih clay and earthy limeetonp in thin bands overlying a 
ln,ver of oyster fragments 

Interval of 50 yards, prohnhly soft 
14. Purple sandstones ... ... 

13. Gray clay 

12. Sandstone layer 

11. Gray clays ... ... 

10. Purple clay 

9. Purplish and gray clay alternating with layers of sparkling 
sandstone ... ... 

5. Earthy, calcareous, sandy .^{oeolias M ... 

7. Sandstone and gray clay alternating 

6. Gray clay ... ••• ... ... ... 12 

5. Greenish-gray, lumpy, impure nummulitie limestone ... ... 20 

4. Greenish, gypseous clay faulted. 

8. Maas of crushed green day and shales^ with hard, flaggy, lumpy 

hands^ the latter full of Nummulitea. All much contorted, 
any clear dips to south-west, exposure 160 yards. 

1. OUique fault and place of rock-salt, 

2. Gray, smooth, and gypsfmus clays alternating with masses and 

laminated hands of gray and white gypsum. 



These latter beds^ (the gypseous series)^ are poshed over^ or obliquely 
faulted^ so as to overlie the beds No. S. and at the 

Displacement. 

junction the small salt exposure of Zawa-drung 
occurs. 


Greenish clays next to 
salt. 


The rock-salt here is immediately covered by 
greenish clays, over which a portion of the gyp- 
sum is seen. 


( ) 
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The whole of the gypsum exposure here is much disturbed, uudulut- 

ing gray clays being among the lowest beds seen. 
Biitiirbaiioe in gypsam. ^ • 

These clays present strong mterstratincations with 

the gypsum, but much'of the latter gives no sign of its arrangement, 
though, on the whole, there appears to be a tendency among the undula- 
tions of the mass to dip in a southerly direction. 

The Tfrf and Bahddur Khdl valleys in this vicinity, respectively 

mi. m*^ j T. 1 .^ north and south of the range, are open, the former 
The Tin end Behe- 

dnr KhSi veiieye north particularly presenting numerous detrital tcrrace- 
nnd lonth of eeraon. 

like scarped hills. Notwithstanding these detrital 
accumulations, and probably resultant from the action which scarped 
them, there are numerous exposures of the rocks below, cither in. stream 
valleys or projecting reef-like through the surface, the angles of inclina- 
tion of their strata being frequently smaller at some distance from than 
close up to the hill ranges or on their flanks. In the Tfrf valley the 
beds have, on the whole, rather an older aspect than to the south in the 
Bahddur Khdl country, towards the centre of which valley pebbly beds 
and their ddbris are sometimes met with. As a whole, the beds of both 
valleys may be described as a great accumulation of gray sandstones and 
red clays, the sandstones becoming harder and often of a purple tinge, 
below, near the nummulitic limestones. In the latter situation they 
often contain somewhat indefinite small and frag- 

Flanto and foaiil bonef. _ ^ ... 

mentary plant remains, while occasional pieces 

of fossil bones may be met with almost anywhere. 


Soorthung or Soortung Sir (Surtung) is the name of one of the 
most lofty peaks in the country (4,320 + 70 ass 

Interior of dlipioid 

near Soorthnna (Sdr- 4,899 feet), and certainly the highest on this range, 
tuna) Sir. 

In the broken lower ground forming the interior 


of the ellipsoid near it, one of the summits is formed by another de- 


tached group of the nummulitic rocks fiuilted into its present position, 
and occurring as an isolated patch upon the gypsum series. In this 

( «is ) 
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Bands of gypsum in P*^^®** ^ eastward the sections agaiu differ 

the lower uummuUtios. from thosc above described ODC or more thick 

bands of gypsum occurring in the basal part of the nummulitic series; 
and a 20-foot bed of this gypsum being seen to thin away to nothing 
within a short space in the scarped out crop along the northern side of 
the patch itself. 


Fig. 19 shows the outlier of nummulitic beds near Soortung (Sdr- 
tung). 7. Brownish sandstones. 6. Soft beds. 5. White lime- 
stones. 4. Gypsum thinning out. 3. Whitish limestone. 2. Green- 
ish clay in talus. 1. Gypsum. 


Just to the north of the gypsum (No. 1 above) brown sandstones 
and shales appear on the inner slopes of the 
northern limestone rib at 7‘ so that j||hare would 
seem to have been considerable disturbance and faulting at this place. 

The red clay zone so intimately and constantly associated with the 
upper boundary of the main gypsum mass does 
not appear in its place^ but there is a band of rod 
days at B. between the brown sandy beds and clays at 7' and the 
nummulitic limestone L. 


Gypsum. 


Red clay souq. 


The whole of the sections in the neighbourhood seem to be less 
InoonstRucy of sec- constant or more irregular than usuab as if the 
tionsbere. different groups admitted of other bands of the 

same character as the neighbouring ones, and probably formed under 
recurrence of the same conditions, being included amoug them. Thus 
gypsum layers are seen interposed between limestones and red clay, 
and sandstones of a purplish colour occur also among the lower layers of 
the nummulitic series. 


The faulting and disturbance of this part of the range are as pro- 
minent as usual. The high summit of Soortung 
(Surtung) is formed of the tertiary sandstones 

( 214 ) 
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sloping slightly to the northwards, and faulted against vertical 
nummulitic limestones, between which and adjacent gypsum traces of 
- ^ ^ red clay band were seen. This gypsum is again 

faulted against the south side of the outlierw 
(Fig. 19). Associated obscurely with the gypsum are the usual gray 
and greenish shales and thick clays, with flaggy beds crowded with 
nummulites, towards the northern limestone, which, together with the 
clays, has a high inverted dip to the southward, and in a deep ravine 
crossing this limestone at a waterfall south of Maylookilla (Melukilla) 
red clays are again seen between the nummulitic limestone and 
^ nummulitic days. Here, too, the limestone is 

QuBBiaContortion • 

faulted, so as to resemble a deep synclinal curve as 
shown in the sketch. Fig. 3 0. Sketch at water-fall south of Maylook- 
illa (Mdukilla). 

a. OreoniBh cloji and ealcarooiu bands, h. Crushed red clay. e. Nnmmullilc. sbaly llmoatcnos. 
d. Solid nummnlltic llneitone (4). e. Tertlaiy aandstonw (6) mucli concealed by ddbrla. /. Strong 
nnminulitlc limestoncB (4) g. Tertiary aandstonea (6). k. Had clay. 

Unless the limestone f be an entirely accidental and different band 
from that at d (which conld not be proved), there must be here a faulted 
displacement in a vertical direction of very mneh greater amount than 
the distance between the two limestone ribs, which would admit of about 
300 feet of the tertiary sandstones, Ac., intervening. These latter are 
inverted, and the clue which they might give to the arrangement of the 
whole is lost in consequence of their being much concealed by ddbris. 
The occurrence of the red clay at b may indicate another parallel fault, 
and a pocket of very similar red clays at the foot of the waterfall at 
A, close to the nummulitic limestone, is too obscurely seen to admit of 
its being referred decisively to either the tertiary sandstone series or the 
Bupra-gypseous red zone. 

A couple of miles eastward of Soortuog (Surtung) in the neighbour- 
Coinplezities at Boor- the rock-salt locality of that name, oom- 

thuDg Mit locality. plcxitics also exist, fiiultiug and disturbance 

( «5 ) 
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reDdering the arrangement obscure, still a tendency to an anticlinal 
atructure may be observed. The clays of the gypseous series appear to 
be locally very thick, though much wasted, and the gypsum is most 
largely developed on the south side of the original curve or arch. 
Fig. 21 shows this section at Soortung (Surtung) salt locality west by 
south from Teeree (TfrQ. 

1. Sftlt 2. Gnoiish and gcaj eliqri. 8. Thiok gypnim banda. A Brown aaadotonaa and earthy 
Umaetimea and ihalea with baada of gypaam and of pnrple or red clay. ft. Bhaly and oompaot nnmmnlltle 
Umaatonea. ft. Tartlaiy aandatonaa, olajBt Aa. Three Ibet rad day banda to aouth of aaction. R. Thin 
rad day north of aaotion. 0. Thin band of gypanm. F.F.F. Apparent lhalta. 

Ascending to the first northern brow of the range here, over curved 

Nimmnlitte limertone tertiary sandatone, some thin, shaly, and 

MWNsUted with gjrpmm. haidar limestone of the nummnlitio series crops 

out along the summit of the ridge, and turning over faces its southern 
side, sloping into the valley. Just at the northern outcrop at one spot, 
a little gypsum was found beneath the limestone, and as if overlying some 

Lower NuminnUticB ^ Towards the top of the outcrop veiy 

dolomitio-looking limestone, succeeded apparently 
the more shaly kind, and then overlying this with a dip of 80^ to the 
south came a glistening saccharoid gray sandstone succeeded by red clay 
and purple sandstones, then by sandy clay with masses of white, opaque, 
gypsum in it, all over laid by 80 or 100 feet of dull, earthy, calcareous and 
sandy rock, passing in places into hard, whitish and gray calcareous 
sandstone, coarse calcareous sandstone and limestone in places. 

These rocks soon change from their southerly dip, forming a syncli- 
nal curve as shown at 4 in the section, but in the southern outcrop of 
this synclinal the section is not at all the same as that to the north. 

The calcareous and sandy rooks last mentioned form the upper edge 

^ . . . of this scarp, resting upon 60 feet of whitish, soft, 

Ojpsmn in thii Rioup. 

'gypsom, bflneaih which u a talna of 200 feet or 
BO chiefly formed of greeniah-gray days. 

( *16 ) 
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There seem to be different beds of gypsum among the sandstones of 
this escarpment, one evidently subsided portion of the hill ex])Osing the 
following succession : — 


5. — Light coloured claye 

Feet. 

4. — Gypram 

. . 6 

3. — Calcareous sandstoue 

H 

2.— Sandstones ond cbiys 

GO 

1.— Greenish clays 

... 70 


Mere faulting along the face of the nummulitic limestone ai the 
northern side of the section appears insufficient to account for the re- 
lations here, and yet the occurrence of these gypsum bauds close to 

, the limestone and among the sandy and earthy 

LimeBtone and gyp- 

sum both belonging to beds, elsewhere below it, together with the oc- 
^ currence of nummulitic layers in the greenish 

clays down in the khud immediately to the west, would seem to point 
strongly to the important iket of the limestone and gypsum series both 
forming parts of the same nummulitic group. 

The ground about the salt sepoys^ (Bip&his) booij or chowkf at the 
foot of the escarpment just now described is all 

Salt locality. 

of clay, clay debris, and fragments of the local 
rocks, some deep circular openings at the heads of streams running to 
the eastward, exposing from 50 to 70 feet of this heading over the gray 
rock-salt which was from appearances estimated to have a depth of 100 
feet, and an uncertain dip to the west and north-west. 

A high tabular hill to the eastward overlooking the salt locality 
Cap of tbe lower chowki shows the sandstones and purple 

nummulitic ieriei. or red days of the synclinal north of the chowki 

forming a nearly horizontal cap to the hill, the lower slopes of which 
axe composed chiefly of the days beneath. 

To the southward of the chowki a long rib of gypsum stretches 

in the direction of the range, traces of red clay 

r am and limeitone , • . ’ , , , 

lontbm lido of occurring both along its northern and southern 
ronffc. Inrernon. 

buIm, the former between it and the claya aaaoeiated 
V ( 217 ) 
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with the salt^ the latter intervening between the gypsum rib afid the 
nummulitic limestone of the southern side of the ^ ellipsoid which^ like 
that to the norths is inclined the wrong wayj dipping to the northj or 
is vertical or disturbed along the inner side of the southern ridgOj the 
outer slopes of this being formed^ generally up to the crests by the lower 
beds of the tertiary sandstone and olay series. 

To the east of this Soortung (Sdrtung) salt locality for about 

Interior of range to ndges forming the opposite sides 

of the ellipsoid diverge^ leaving a wide space 
between covered with gypsum and ddbris of the accompanying clays^ the 
nummulitic limestones as usual forming the crests of the outer ridges^ 
or reaching high up on their inner sides^ and traces of the usual red clay 
zone being observable between the limestone and the gypsum within. 

Where the Mer&ndl (Mir&ndi) short cut or bridle-path 4K)m Teeree 
Moriodl p.tliw «7 Mc CKri) to Totukhi orosseB the range, the true rela- 
tions of the rocks begin to become more apparent. 
The lower tertiary sandstones and clays at a short distance south of the 
Teeree (Tin) river dip northward at high angles up to 60°. Further 
southward up the ascent they become contorted^ and are at last faulted 
against the nummulitic limestone^ having patches resting upon it^ and 
the junction with the limestone here at one spot 
presenting the appearance seen in Fig. 22^ which 
shews the junction of limestone and tertiary sandstone^ Merindi pathway. 

1. Contorted pnrpliih-gnj sindetones ind purple rieji. 2. Contorted tnd omehed nnmmnlitle 


Nummulitic. 


tion. 


Fault. 


Where the path gains the first summit, the nummulitic limestone 
and shales are seen to form an irregular and dis- 
turbed baud undulating along the crest, sending 
out a short narrow projection among the sandstones to the north-east, 
while to the eastward they pass gently and conformably beneath the latter 
rocks. A few paces southward near a small tank 
the limestones are much disturbed, and a few beds 

( aiB ) 
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of the saudstoDeB are broaght in hy faults^ the little tank itself being 
upon the bright-red clays usually found just beneath the nummulitio 
limestone. A rising ground above the path here exhibits interstratifioa- 
tions of the gypsum and sparkling gray sand- 

GypsamandiandBtono ^ , . . 6b/ ; 

of lower nummalitics stones of the interior hills undulating over the 

Rgain mterstratifled. i 

ground, the gypsum, as usual, being apparently 

thin at its northern exposures and more largely developed towards the 

southern side of the ellipsoid. Proceeding still to the southward over this 

undulating gypseous and sandstone series the red clays are again met 

with at the foot of a long east and west escarpment rising above all 

the neighbouring hills, formed mainly of the hard 
Alveolina limestone. , . . 

alvsoltna and nummuliiic limestone dipping at 

low angles and forming a bold curve as it descends to the southward, 

quite conformably overlaid by the tertiary sandstones and clays. 

This outcrop of the limestone turns pretty sharply to the south , 

Southom put of »ec. exposing a fine section, where it overlooks the 

gypsum towards the southern side of the exposure 

of the interior of the range, the gypsum being here much more developed 

and deeply cut through, sometimes leaving natural bridges over the 

mountain stream close to the path. Gray clays are also here associalod 

with it, but though the stratification is in places plainly seen the general 

relations are obscure, and tbe ground is much covered with gypseous 

ddbris. 

The section in the portion of the limestone escarpment presented 
to the westward shows the following cuccession : — 

Natural order, beda dipping eouth at loa* anglue. Feet. 
Tertiary eandetonoa, r 8. Purple landftono, tertiary undetono ■eriee ... % 

* Murree bedi* ... I 7. Deep purple landstone and reddiab purple elaya do. ) ^ 

r6. Hard afoeoZuM UmeatoDo ... ... ... 16 


6. Thin, flaggy, limeatooo and clay ... ... 35 

4. Oreeniah clay ... ... ... ... 20 

Kammiaitic ... i ••• 6 

I 2. Chwon clay with layora of aandatone ... ... 20 


1. Deq) and bright-red clay, with aome flaggy, harder 

banda containing nummuKtifi, &c. : thickneaa not 
^ acen, but 50 to 100 feet eapoaed in the Ticinity. 

( 219 ) 
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Fig:. shows this section near the MeWindi path from Teerec 
(Tfrf) to Totukhi^ about three miles. 

2, GypsoouM Hcriofl. 3. Bed cloy lone. 4. NammoUtio Umeetome. 6. Teriiuy eindetone end oliy. F. Fault . 

The red clay zone^ as seen at the southern part of this section^ con- 
Nummnlitic bands in Bome hard gray sandstone layers and earthy 

the red none. calcateous bands with nummuliies and other fossils^ 

these layers being sometimes ripple-marked ; some purple flaggy beds 
also occur^ and layers of this red clay and of gypsum alternate near the 
junction of the two gfroups as if to unite the gypseous series with the 
overlying nummulitic rocks. 

The whole section so steadily and plainly exposed beneath the 
tertiary sandstone capping the limestone in the 

Sharp inversion. 

above section becomes sharply reversed to the 
southwards near where the Mer^ndi pathway issues through a narrow 
gorge cut in the nummulitic limestone^ here pushed over so as to incline 
to the northward at 50'’. 


Salt locality. 


On the east side of the pathway before it leaves the gypsum^ which 
is in this neighbourhood intensely contorted^ and 
in the middle of a bank of gypseous rubble, there 
is a small exposure of rock-salt purposely concealed in the lefb bank of 
the stream which makes its exit through the gorge just mentioned, and 
which near the place leaves upon the stones in its bed a thick incrustation 
of salt. 


South of the Little Pass, the tertiary sandstones at first dip north- 
Tertiary landstonoi, wards with the limestone, being very calcareous for 
4 or 5 feet at the junction, but further out are 
inclined both ways at high angles towards a synclinal axis •, another 
synclinal occurs farther on, and between the two a fine anticlinal curve is 
seen in the adjacent spur to the west. 


At a Utile distance from the hills, the purple sandstones and red 
clays resting upon the limestone high up on the hills, as shown in the 

( a20 ) ’ 
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Bection^ may be traced curving round the crushed and inverted fold 
in this limestone and passing downwards so as to underlie it in the 
way represented. 

The part of the Bahadur Kh^l valley near Totukhf lies high^ 

NrfghtourhoodofT.. water, of tiie Teeree(T(rl) Tall^ 

tnkhf tertiary rand- streams from those of the Kurshru Alfirud, and is 
stones. ^ 

Tocky^ the tertiary sandstones being set on edge 

with a high dip to the south where not vertical. The rocks are as usual 

gray sandstones and red clays of a higher place in the series than those 

nearer the hills^ and showing less of red or purple colour^ besides which 

the soft gray sandstones occasionally contain scattered pebbles of quart.- 

zite or conglomeratic strings. 

Exactly to the south of the village of Teeree (TfrQ^ and to the south 
Sonth of Teereo, in- by east, the sections are very instructive as to the 
■tractive sectiona. relations of the rocks. The bold curves 

which these form may be seen from long distances on the northern 
flanks of the range, and on closer inspection the conformity of the groups 
at least down to the gypsum, which is generally more or less obscure, is 
as clear as their arrangement is in other places complex. The section 
seen is as shown in Fig. 24, the curves overarching a space of nearly a 
mile in breadth : — 

3. Gypaeona aerlaa. 8. Graeniah olaj. 4. Bad claj tone. 5. Nammnlitic Unaatooe. 8. Tartiuy aaadatoM, Ac. 
^18. Gray and pnrple aandatonea. 
t 7. Beddiah pnrple claya and aandatonea with bone beda. 

Clay banda numerona. 

Peet. 

f 6. limeatone ... ... ... . . lOO 

4 < 6. Shaly limeatone ... ... ... .. 100 

( 4. Oreeniib and whitiah marly claya chiefly ... ... 60 

8. Blood-red daya (thick here) ... ... ... 800? 

2. Green daya (a few feet). 

1, Gypenm and daya, very thid^, miknown amoant in contumalUm of the eand- 
atone and gypaeona aeriea> 1 in Fignre. 

By canying this section southward over the hills, it would traverse 
the continuation of the limestone and overlying fsuidstone of the 

( Ml ) 
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southern part of the foregoing; Merdndi section, and the anticlinal 
character of the whole range would at once become Apparent. Facts like 
these in the arrangement of the rocks are worth notice, both because of 
their rarity and their importance in fixing the true relations of the 
complicated appearances to be found so often among the rocks of the 
country. 

The uppermost beds of the limestone are of the lumpy, hard 
alveolina^hemxLS kind so commonly found just at 

AhteoUna limestono : 

lower tertiary: concre- the junction with the tertiary sandstones, and 
tioQ band, bones, &e. , 

the lowest beds of these at this place include 

besides a peculiar concretionary band, the nodules of which range about 
the size of walnuts and under, some pseudo-conglomeratio calcareous 
layers containing bones smooth, polished, fluted and pointed, reptilian 
teeth, crocodilian scutes, and tortoise plates abundantly, bi^^ in a frag- 
mentary state. 

The regular anticlinal just now noticed is not maintained for any 

Contortion ntBubom distance eafltwardfl, an instance to tbe contrary 
occorriug sontliward of tbe village of Hossain 
BfindA at the Burburra booij or salt chowki on the northern crest of the 
hills; here from the ridge a little to the westward the nummulitic 
limestones and the sandstones above them are again seen inverted as 
in Fig. 35. 

3. Bed day. 4. Nammulitic llmeitone, here only 60 feet. 6. Tertiary Mndstonc, Ac. 

A celcueou grnwdly bed at the Janotion with the limeetone. 

This Burburra booij overlooks to the southward one of the largest 
salt exposures in the country after that of Bah&dur Eh^l. It is known 
as the Serappah or Burburra-drung. Here the whole of the interior space 
«* Bnrbnm •»tween the outer ridges of the range is evidently 
salt locality. much disturbed from slippage and subsidence of 

the soft rocks ; in consequence of the existence and removal of the salt 
beneath, great patches of gypsum extend over the ground, and gray and 

( 333 ; 
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greenish clays are^ as usual, obscurely intercalated with it, this gypsum 
not being traceable with any continuity throughout the tract. 

Towards the fringing nummulitic zone north and southwards red 
clays are strongly seen, and in one of the deep gullies opening to the 
south, under a mass of reddish coloured clay-ddbris, the dark rock-salt is 
horizontally exposed for nearly half a mile, chiefly towards the bottom of 
the ravine on both sides, but rising in the banks and side nallahs high up 
nearly to the general surface of the hilly ground. Its total thickness is 
nowhere visible, but must exceed 100, while it may be more than 200 feet. 

At one spot towards the head of the stream, a little black gypsum 
and black shale appeared at the base of a salt 

Black gypsum. 

cliff, but as this is usually the character of the 
gypsum just overlying the salt, or even higher up near the top of the 
gypsum itself, and as the place was much overrun with detritus, it would 
be unsafe to draw conclusions from an unsatisfactory exposure of the kind 
which might have slipped bodily from above, nor could any results lie 
arrived at from the clay in contact with the salt now occupying a place 
which might easily have formerly been filled by gypsum or the gypseous 
series. Gypsum is seen in quantities approaching the spot from both 
sides, but near the ravines it greatly gives place to ddbris. 

Notwithstanding the recurvature of the limestone to the north as 

North nde of section this northern side of the section 

most regular. presents more of the original anticlinal arrange- 

ment than the succession to the south, the tertiary sandstones dipping 
steadily into the Teeree (Tiri) valley, while on the opposite side of 
the range these tertiary sandstones and the nummulitic limestones are 
either quite vertical or slightly inverted. 

The next glen eastward from Serappah opens to the northward, and 
Glen to east of Serap- though only half a mile distant again exhibits 
extreme complication, much fiiulting, and a locally 
large development of the red clay zone, while the great mass of salt 

( 228 ) 
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seen at Serappah is Dot exposed. The seotion seen when approaching 
from the north is as shown in Fig. 26.-— 

2. OypMOiM Mrifls. 3. Red olay loiie. 4. Nnmmalitic llmeetone. 6. Tnrtiaiy eandetoue and flaya. 
F. Fault!*. 

6. Gray aandfitones, purplish sandstones, and purplish-red 
clays, psuedo-oonglomerates, purplish-aray clay at 
junction in one place, in another gray sandstone ... part only. 

4. Hard .AIoeo2taa limestone ... ... ... 20 to 60 feet. 

3. Red clay zone, largely devdoped at one place ... 800 to 400 „ 

2. Gypsum, stratified and unstratified, clays, &c., may he 400 or 600 „ 

Entering this mountain glen behind the village of Khurree (Khurri) 
Tortiaxy sandstones : B&nd& the usual lower purplish and gray tertiary 
samdstones form open undulations, and in one spot 
able, but peculiar. a curvature in these allows the nummulitic lime- 

stone to be seen^ taking the ground in all directions. Somewhat within 
the glen a continuation of this limestone (a) appears as if faulted on its 
northern side^ a small surface of the limestone being exposed in the 
centre of an anticlinal curve. At the contact the limestone is lumpy 
with interstices filled by purplish-gray day similar to that of the ad- 
jacent bed above ; this is succeeded by gravelly layers containing con- 
cretions and pebbles of bluish limestone and of sandstones similar to 
those in the immediate vicinity^ the sandstone and limestone beds being 
quite parallel and conformable. 

For two or three hundred yards up the stream^ the ordinary gray 
sandstones and purple clays of the lower tertiary sandstone are much 
crushed and contorted^ and then the northern nummulitic rim of the 
ellipsoid (d) is reached. This limestone is of the hard alveolina kind, 
and is inverted, dipping south at 80^, the gray tertiary sandstone coming 
next above (but here underlying) it, having been apparently crushed 
along its surface in such a way that angular portions of the limestone 
were dragged from their places and gray sandstone forced into these 
cavities to a depth from the surface of the limestone which in one place 
measuredJlO feet. The fractures of the limestone are all angcdar, and 
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present no trace of erosion^ nor are there any signs that the sandstone 

was deposited in these irregular hollows. Tbe limestone here seems 

irregular, but thinner than in most other plaoesi not being more than 

from 20 to 50 feet in thickness. On its inner side some greenish 

_ , , clays are in junction with it in the stream bed (e). 

Bed clay aone. . 

but on the height above the left bank of this (d) 

red clays occur in their natural place next to the limestone. Further 
up the stream, contorted and obscure musses of gypsum and greenish 
clay, the latter often wedged apparently among the former, are seen 
filling up the interior portion of the range. At one spot where the 
stream crosses a mass of the gypsum, the latter is so deeply eaten into 
that it becomes impracticable to keep to the river bed, and hero a small 
Faulted inUer of aand- 0^ the tertiary gray sandstones (e) and red 

clays appears to have slipped from somewhere 
above into the middle of the gypsum. Just beyond this to the southward 
the gypsum (/) is plainly stratified, vortical below, but bent over above 
as shown in the figure, and is in close contact with 35 feet of greenish 
clay (yj, also vertical. Next beyond these in the same direction is a 5-foot 
band of bard gypsum (X), beyond which comes a moss of deep red clays 
Junction of red cUy W with green and purple sandy layers or soine- 
and gypaum. flaggy bands, all on edge and dipping at 

high angles to the south, their thickness being estimated at not less than 
350. feet. The surface formed of these rises towards the southern crest 
of the range where the nummulitic limestone again appears, but iu 
contorted and broken exposures, among the tertiary sandstones and 
clays of this side of the ellipsoid. 

From the high ground here eastward the range declines to its ter- 
mination south of Bfindfi Serai on the Kohit road, 

termination of range 

near Binds Serai anti- the cfest of the ridge being formed of the tertiary 
sahdstones, while below it to the north the nnm- 
mulitic limestones of both sides of the ellipsoid unite, forming a single 
anticlinal curve, somewhat broken and disturbed along its northern 
q ( 225 ) 



m 


WYNNE : TRANS-INDUS SALT .REGION, KOUiCT DISTRICT. 


sidei but seen to take the ground nosing to the eastward and consecu- 
tively enfolded by the sandstone and clay series, where the Koh&t and 
B&nnti old road has been abandoned for a better line curving round the 
end of the range close to the south bank of the Teeree (Tiri) Taui 
river. 


The whole of this range from Manzulli to B&nd4, apparently in 
Complex chmcter of Consequence of the large development of gypsum 
tbe whole ruge. within the limestone-crested ridges, 

and the great pressure exerted upon them, presents some of the most 
complex ground in the district. From the details given, it will be seen 
that in many places it is difficult to conceive what forms eroded 
or denuded portions of the sections may have taken. It will be also 
evident that without the existence of the few sections in which the 
rocks are normally superposed south of Teeree C^^ri), and the evidence 
afforded by the anticlinal south of Bdndi, or similar sections elsewhere, 


the task of reducing such a mass of contradictory confusion to anything 
like proper order would be well nigh hopeless. 


4i,—Tie ridge from Bdndd Serai io the Jatta ellipsoid. 

This ridge, which has between the points above named a summit 
Jftidge from Binds elevation of 8,198 feet (the correction in the note 

Trans-Indus Frontier map being added) 
is little less complicated than the more extended range just described. 

The rocks are broken and displaced by faults, yet remnants of a 
former ellipsoid structure are to be recognised in the narrow and frag- 
mentary bands of the nummulitic limestone along its southern or scarped 
side. 


At the western end near Bfinda Send and military post, the num- 
wd ing of the ii^^litic limestone which sheets its northern elopes 
nammiilitlo limostm. may be seen tnolring a half turn to come round 

and join that to the south, but the curve has hardly reached the axis of 
the anticlinal till it is suddenly interrupted apparently by a strike fault, 
( 226 ) 
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leaving the sonthem slopee open to expose the g 3 rpsam and other soft 
strata of the interior of the range, where these are not overran by lime- 
stone and other ddbris from the outcrop. 

Just above the road westward from the Serai some of the gypsum' 
Gyptnm and red elay ^ Bome contorted liver-coloored thin 

sandstones forming part of the red clay aone. The 
latter, too, may be traced at intervals just below the outcrop of the lime- 
stone on the crest of the hill, this feature being formed by the hard 
yellowish AheoUna limestone or marble beds. 


Salt expofima. 


Within a mile to the east of the Serai some small exposures of the 
rock-salt occur among black, earthy gypsum and 
red clay, purple sandstone, and limestone ddbris, 
in the banks of streamlets on the southern side of the ridge, but the 
sections are so overran and concealed that nothing of the structure is 
observable. Near this place narrow vertical exposures of the nummuli- 
tic limestone commence, and these continue more or less visible to beyond 
the village of Dningl Bdndd st the foot of the ridge where the Teerec 
(Tin) river makes a sharp S-like turn in its easterly course. 

Salt quarries are said to have been formerly worked behind this village 
Dnrnei BAndA salt lo- name), and on entering the little valley 

in which th^ are situated on the southern slopes 


cality. 


of the ridge, purple, greenish and gray sandstones and purple clays are 
found perfectly vertical. Between these and the southern rAiot AlveoUna 
limestone, which is also quite vertical, is a zone of redder clays than usual 
among these rocks with gray sandstone layers interspersed. The lime- 
Liinestoiie,tliin:bUi^ stone itself is thinner here than usual, the whole 
gyprom: alum ahale. being apparently present. Just 

bdiind the limestone is a mass of gray and black gypsum and bbude 
bituminous alum shale, any stratiBcation in which appears to undulate to 
the northwards. Low down in this gypseous mass, or more likely just 
below it, blackish-gray rock-salt is seen for a thickness of 10 or 15 feet 
on the left bank of the stream and close to its level. The salt appears 

( 227 ) 
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alsato dip to the north at a low angle^ and may very probably be but the 
upper portion of a thick deposit^ as seen elBewher^. The black bitumi- 

Bituminow .hale and strongly of petroleum, 

iQiphnrouB eprmgi. sulphuTOus springs isBuing from them are saline 

and milky-looking, but leave a black deposit on the stream bed, contrast- 
ing strongly with the snow-white salt incrustation on the drier places. 


Immediately north of the gypseous mass some red clays are seen, 
succeeded by variegated sandstones and nummulitic limestones having high 
and contorted dips to the north as follows : — 

7. Red clay and green day maen, all erualied and unconformably overlaid 
by a displaced mass of gypanm close to a large fanlt. 


FavU. Feet 

6. Hard, eherty limestone and gray shales exposed with high and distorted 

dip to north for ... ... ... ... 100 

6. Yaricgated yellow and purple sandstone ... v 
4. Coarse purple sandstone ... ...1 **' 

8. Bed day. small exposure. 

a. Black and gray gypsum, and Idtuminous diales ... ... ? 

1. Rodi-salt dark-gray and blackish, seen ... ... ... 15 


The red and green clays No. 7 appear not to belong to the succession 
seen here, but more probably represent some part of 

IM^or Motion. , , 

the infra-nummulitic limestone red clay zone. The 
lower part of the limestone No. 5 has coarsely oolitic-looking portions 
made up of small foraminiferous-looking organisms, sometimes like tiny 
FossUs of nummulitic Above these long turriMlaAike shells 

limestone. occur, and small spherical bodies covered with 

punctures. ' In a gray shale band here, and in a limestone layer just 
above it, small nUmmulitea, spiral shells, and fragments of bivalves occur. 
Next above the8e> a dark compact thin oolitic-looking layer encloses frag- 
ments of oysters, and the uppermost layer of all is highly fossiliieiouB, 
ecmtaining many of the common ga%tfopodo%% and Uvalve shells cf the 
nummulitic limestone. Tracing this zone up the hill side a considerable 
interval covered'with sloping' detritus and probably occupied soft beds 
( 228 ) 
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is seeD, and then the stronger aheoltM beds crop out forming the high 
summits of the ridge. 

From the place of No. 6 in the above section a -strong fault starts 

to the north-east by north obliquely across the* 
Fknlt. ^ ^ ^ 

ridge^ throwii^ the limestone last mentioned to the 

southward^ and introducing a mass of the tertiary sandstone series on the 

outcrop side of the continuation of the nummulitic limestone sheeting 

the northern side of the ridge. Fig. 27 gives the section behind Drungi 

Bdnd£. 


1. Book-nlt a OypMOOi Mriei. a day and aandatODca t (aeotloD irlTen abova). 4. Nomnn- 
litlo llnaatone and ahila. 6. Kommolltio alwoliaa llneatone. 0. Red clay. 7. Purple and gray 
aa&datone and day. a Paride day and dark-gny nndatone. S. Ony aandalime and rad olaya. 
a 7. a Tertiary aandetcme eerlei. P. FanltF 


From this place eastwards to the junction of the ridge with the 
Jatta hills north of Zunuk the general arrangement 

Eutem part of ridge. 

of the rooks is the same as that of the southern 
part of the above section^ except that the southern band of limestone is 
less regular, or ascends somewhat higher on the hills and caps one of 
them as at A in the foregoing figure. 


Just before the ridge adjoins the Jatta hills, its crest alone is 
occupied by the limestone, which is slightly faulted in an east and west 
direction, the tertiary sandstone to the south rising high upon tlie ridge, 
and the lower purple and bone beds with shark’s teeth, ftc., of the same 
series entering as a qrnolinal curve the valley between this ridge and thq 
western end of the Jatta ellipsoid. 

The open ground northward of this ridge is less rocky than that to 
Low^gronnd on omh south, where the banks of the Teecee Towey 
(Tin Tauf) and the ground above them both ex- 
pose the gray and red vertical or inclined, alternating red clays and gray 
sandstones of the lower tertiaiy sandstone series. 
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hj^The Nummulitic Ellipioid of Jatta. 

This ridgy feature is oonnected with the zange jast now described, 
but evidently owes its origin to a different anticli- 

Anothor anticlinal Bilfc i • tx • j. -i • i 

nal axis. It is about seven miles m length by one in 
widths and its harder strata, though &ulted both longitudinally and across 
the strike, have decidedly anticlinal terminations at either end of the 
feature. The softer gypsum and rock-salt forming the interior of the 
curve are largely exposed, but the outer rim of limestone is incomplete, 
having been cut out by a &ult at the valley of the Ismail Khdl river on 
the northern side of the ellipse. 


Towards the southern side of this at both ends the superficial ex- 
posure of the nummulitio limestone is largest, but 

diiturbed. 

between these points this limestone is on edge, 
showing many signs of disturbance, or almost disappearftg owing to 
diriocation. 

The tertiaiy sandstones surrounding and enfolding the limestone are 
of the same character as those usually forming the lower part of this 
series. The red day band just beneath the limestone does not appear to 
have the thickness it sometimes displays, but is seen in sundiy places, and 
the gypsum below is of the common dull gray and white kinds passing 
Black gypram and places into very dark or a black bituminous rock, 
alum riialM. associated with which are alum shales.*' Below all 

the salt appears to conform to the general antidinal structure ; it is of 
Anticlinal appearance ^^ual gray colour, but in certain localities near 
of rock-Mlt. top is sufficiently bituminous to smell strongly 

of petroleum, a scent which may also be perceived slightly in some of 
the apparently purest rock-salt of the quarries at Jatta. 


Korthaideordlipacdd. 


Near the road from Ismail Khdl to these quarries and the Ismkfl 
Ehd river up to the slopes of the hills, softish, 
gray and purple sandstones and purple days with 
some very red zones of the latter are, as a rule, nearly vertical, dipping one 
( 280 ) 
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way or the other a little from east and west lines of strike. A band of 
purple color runs along the side of the hills^ and between this and the 
limestone the clays have a redder tinge. 

In the gorge of a stream due north from the quarries, this red band, 
underlies the nummulitic limestone at an angle of 70/ both being invert- 
ed. The limestone here ib about 80 to 100 feet in thickness, and con- 
sists of Alveolina limestone outside, hard, dark, and flaggy limestone with 
one cberiy band near the centre, and more shaly alternations with thin 
FoMilibellMctioof in oyster-bearing bands towards the south or lower 
the limeetone. group. In the hard dark limestone, 

sections (presumably of long gaiiropoious shells) of the forms shown in 
Fig. 28 are not unfrequent, and have also been observed in other 
neighbouring parts of the district : the figures are about natural size. Just 
inside the limestone band, a considerable quantity of very red clay 

Gypaeoni leriei within OGCurs, in which there are purple sandstone or 
the limeitone holder. flaggy layers; south of this clay and within the 

belts formed by it and the limestone, the gypsum and gypseous clays 
cover the ground, being irregularly and unequally spread over it, some- 
times in quantity though of uncertain thickness, and sometimes as close 
to the highest of the salt quarries, apparently absent, or but poorly re- 
presented. A projecting part of the escarpment 
here presents the following section, but the upper 
zones were not within reach of measurement 


(ArrangemMiA nearly horizfmial). 


6. 

Nnmnnditio Hmestone. a remnant. 

Pt 

4. 

Bed day none ... 

26 

8. 

Qreenishdays (fiUMnAonra) 

6 

8. 

Dork gray salt, hitnminons for 8 feet at top 

... 10 

1. 

Good gray salt ... 

60 


Along with No. 8 nt n litUo diitanoo was a lO-fooihandofgroeiiiih-gmjgjptaiD. 

To the northward of the salt chowki or booij, on the rising ground 
there, covered with gypsum and gypseous debris, 
the former oontaius a black carbonaceous-looking 

( 231 ) 
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shaly layer 10 feet ihiok, not traoeable far^ and dipping south at 40". 
It looks like alum shale, but has no bituminous or^sulphurous smell. 


The salt in these Jatta quarries seems disposed in a thick zone, par« 

Rock.nlt said to have taking of the general anticlinal structure of the 
beeu worked ihrongh. rising to the westward. In this the 

whole of the quarries might be situated within a thickness of from 200 
to 800 feet if the salt were extended horizontally. There are no means 
of estimating the true thickness of such a zone, but quarries at different 
elevations show a depth of 15 or 40 or 60 feet of solid salt. In one of 
these quarries, and that one of the lower ones, though not the lowest, the 
single case in the whole district of their having ever, even by repute, been 
penetrated came to notice. Here at the * Thathara quarry^ a ' Drungwal* 
or quarryman stated that at one time long ago ^en the quarry face had 
not been worked back so far north, a bottom to the salt hd!t been found, 
and that Skeenioura (gray gypseous clay) occurred beneath. The 
statement, however, seemed doubtful, and even if true, an older working 
of the kind described in the appendix may only have been reached, and 
not the true base of the salt deposit, so that the workman's story may be 
taken with a considerable grain of the adjacent mineral. ' 


The whole of the salt appears to take the ground to the eastward. 
Salt ground to all the quarries and exposures occur within 
eutward. ^ space than one mile in an east and west di- 

rection. At a short distance eastward, after passing the last quarry, 
there are seen what look like two old pits or excavations in some black 
alum shale overlaid by impure gypsum. The shale seemed to have 
become partially burnt spontaneously ; it contained iron pyrites, much 
iron oxide, and some coaly layers. One band in 

Salt, alan and 

gyi^nm ■moiling of pe- the day was crowded with small nummnlitic 
diaped bodies composed of gypsum. The whole 
was disturbed, and the dip at one place shifted to the west of north 
at from 20*" to 40^ the thickness expoaei being about 15 feet. The 
( 282 ) 
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gypsum close by smdled strongly of petroleum, as did also some of 
the clearest salt far below the dark bituminous upper layer. 


What may have been fragmentary portions of this or similar bands 


PetroleaiD also in 
other dark ahalea. 


of dark carbonaceous-looking and bituminous clay 
were seen also in connexion with the salt of those 


quarries on the northern side of the ellipsoid. One of these overlying a 
comer of the Thathara quany absolutely stank of petroleum, and in this 
and other quarries near it and further west cracks in the salt had been 


filled either with such bituminous clay or with a sandy deposit sometimes 
evidently washed in from above. Other fragmentary bands of alum or 
bituminous shale and petroleum-smelling gypsum occur to the eastward 


near where the Ismail Kh^l river crosses the ellipsoid to join the 
Tfri Taui. The diflhsion of petroleum through the salt and gypsum 
here is remarkable. 


To the southward of the idum shale pits there is at one place much 

ConftiBion close to confiwion close to the southern rib of the lime- 
■outbern border. stono, red clay, greenish clays, gypsum, and the 

nummulitie .limestone being jumbled together as if portions of the in- 
terior rocks had at one time slipped or been pushed outwards across the 
limestone. At a short distance, however, the series is seen nearly verti- 
cal, but in proper order, the tertiaiy sandstones outside, then about 50 
or .60 feet of the nummulitie limestone, behind which are greenish clays 
or shales in contact with red clays thicker than the limestone, and con- 
taining purple sandstones. At the northern or lower side, the gypsum and 
gypseous debris of the interior adjoin the latter, and further relations 
are lost. 


At that part of the ellipsoid where the northern rim of nummulitie 

Nmimiiditie Um«fa». <»>*. “d <*« Khfl river 

^ gyp«n®. janotHm of tlie tertiwy 
M B dit onm . Hudetonw and the faulted lineetone i. peculiar. 

E ( 888 ) 
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Fig. 89 diows this nnxnmnlitic limestons under ont ^7 above the 
left bank of Ismail Ehdl river. 

1. GjpMou MiiM. ^ 4. NninmiiUttc llnMtonfl. 6-14. Tertlvy Nnditoiie miIm. 

DipTtoHhWfamdUu. 

14. Gray and green landatones with jmrpliib claya. 

18. Purple aanditonea and olaja and paeudo-oonglomerate. 

18. Pnrpliih-gray landatonea with a few handi of veiy red day. Peet. 

11. Dark pnr^ landstonea ... ... ... ... ... 6 

10. Bed day ■ lie eae eea 10 

9. Pniple, flaggy aandatone with green Uotohea ... ... ... 2 

8. Thin-bedded, grarelly-lobking, purple paendo-oonglomeratic or conglome- 
ratio beda, limeatone oonoretiona, and fragmenta of yellow limeatone 
with nnmmnliteas hone fragmenta in haae^ thina ont ... ... 8 

7. Hard, red, oaleareone, flaggy ahale ... ... ... ... 10 

In this is a narrow 9-inch layer (6) of calcareous nature crowded 
with imperfect casts of strongly-ribbed hivahe 

Shdla. 

thelh resembling some kinds of Cardiunt^Qf Cardita^ 
imperfectly preserved in white carbonate of lime ; the only shells found 
in the tertiary sandstone series—- 

PhaM* Feet. 

6. Compact Alveolina limeatone wedging ont of ydlow or hnif colour, ibadla 

aearce ... ... ... ... ... ... 60 

6. Thin-hedded white and ydlow limeatone with Nummulifes, AlvnUna, 

Clardtfo^ and other hivalvea ... ... ... ... 15 

4. Gray, dialy, nummnlitic limeatone ihll of amall ^fnamaKfer and in parta 

minute oiganiama giving the rock an oolitic look *** ... 20 

Boom for aome feet of aoA bedaP Bed daye not aeen. 

2. Graygypanm with dark or Uack large patchea Ughly impregnated 
with petroleum or bitumen. 

The actual amount of underlay seen here bringing the vertical 
sandstones^&c., beneath the vertical Umestone is very small, yet probably 
extends to the whole thickness of the limestone, 80 or 00 feet, as this is 
completely out ont, unless, indeed, there be another shift of the beds on 
the southern side of the limestone also where the red days are not seen. 

Advocates for entire unconformity between the limestone and next 

Ihuit, not unconform- which the structure of this countiy 

ity- has never been found to support, would probably 
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claim a case like this as oorroboratiTe of their piew, and might do 
so with some reason^ if a hollow only had here been excavated from the 
limestone surface^ no other signs of disturbance affecting the neighbom^ 
hood. But the sudden disappearance of this limestone^ elsewhere oon- 
tinuouB, and the prevalence of faults at no great distance^ leave an im- 
partial observer little doubt that one of the many dislocations of the 
country has here taken placej resulting perhaps from extreme tension or 
even traction of highly convoluted beds unable to yield further to a con- 
torting force that may have been accompanied by some amount of 
stretching effect. 

The limestone re-appears about half a mile to the eastward at a 
Be-appmiiee rf ih. distance from a rectangular bend in the 

lineitone. stream, thence forming the northern side of the 

ellipsoid. Here, again, the shelly band in No. 5 of the above section 
re-appears, the fossils, however, being too obscure to give much hope of 
their determination. 


To the southward where the river leaves the gypsum and limestone 

BotUgoiKe: diitarb- ® the strata 

>noe. 3 ]gQ much disturbed ; the southern rib of lime- 

stone, which half a mile to the west has a thickness of 50 or 60 feet, is 
here represented by only a few beds, and these on the left bank of the 
stream are inverted, inclined to the north and crushed over to the ter- 
tiary sandstone series, yet at a short distance may be traced higher 
up upon the hill overlooking the river on this side, recovering their 
position, and with the overlying sandstone beds assuming the southerly 
slope proper to that side of the antidinal curve. 


At this place, too, a mass of gypsum occurs in an unusual position 
Ovptnm anmin iram- lower nummulitic beds, and with mudi 

less regularity than is observable in the oases 
mentioned with legaxi to the intercalation of gypsum bands nearly in 
the same relative situation not fiur from where the meridian 7r 
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ihe MaDzallf and BAuii range (see page 110). Fig. 30 is a diagram- 
matic sketch of the stracture seen on the left hank of the stream here. 

13. Bed olayi and gteenidi-gray Mnditones in thick alternate zonei^ more sandstone 
than clay. 

12. Gray and pnrple sandstone and thin clay layers. 

11 . Bed day 16 feet in deep hlaokuh pnrple thin sandstones. 

10. Pnrple and gray sandstones and red day. 

9. Red clay much thicker in opposite bank of stream. 

Cruihed Utu ofjunetion, 

8. Hard dan Alveolina marble 6 to 20 feet. 

7. Green clay. 

6. Gray and white gypsnm 16 to 20 feet. 

6. Green clay, weathered olive. 

4. Dark, cherty limestone with a flat-coiled shell like a Planorhit edariaei, 
conple of feet. 

3. Dark-olive shaly clay, in places blackish. 

2. Dnll-red olsy passing towards (1) into a purple, earthy, coarse sandstone with 
ferraginons base 1 foot thick. 

1. Bed day. 

The junction of the red clay No. 1 with the gypsum of the in- 
terior is concealed^ but at a little distance to the northward the latter is 
seen overlying black idum shales^ with thin pieces of bituminous^ hardj 
blacky flaggy limestone scattered over their surface, apparently derived 
from the dark bituminous parts of the adjacent gypsum. The alum 
shales, from their decayed state, are evidently pyritous, and native sul- 
phur in small quantities was observed in their planes of division. 

To the eastward of this place the axis of the anticlinal seems to lie 
Eastern part of the ^617 much towards the north side of the ellipsoid, 
ellipsoid. southern nde of which a large mass of the 

tertiary sandstones has been apparently let in below the general surface 
of the nummulitic beds, aid the contortions of the latter are seen to 
form strange elongated zigzags on the mountain side between the high 
tertiary ground and the eastern end of the hill. 

( 286 ) 
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Here the nnmmulitie limestone of both sides of these hills meets, 
Its esrtern t(>rmiiia. forming a perfectly natorsl anticlinal U-shaped 
ending to the high ground from which the sand- 
stones of the tertiary serks slope into the neighbouring low ground. 

The sketch (Fig. 81) is intended to represent the positions of the 
various rocks looking from where the Ismidl Khdl river traverses the 
gypseous series westward. 

1. FIhm ef vM^-salt. 2. Gypseous leriss, gypsain, eUy. end slam shils. 8. Red 
clay sons. 4. Nnminiilitio limestone. S. Tertiary sandstone series. F. Faults. 

To the eastward of the Jatta dlipsoid an open plain sloping to the 
Tseree Towey (Tin Taui) stretches out between this and the imperfect 
ellipsoid containing the quarries of Saya Malgheen (Sdya Malgin), the 
distance between the two being about four and a half miles. 


6 . — The imperfect ellipeoid tf 8apa {86pa) Malgheen (Mdlgin) (Salt 

quarriee). 

The ellipsoid of Saya (S£ya) is apparently formed on a continua- 

Gontinuation of Jatta tion of the same anticlinal axis as that of Jatta, 
anticlinal axis. ^ 

ley, and both lie between the same two longer ranges in such a manner 
as would suggest two upward undulations of one long anticlinal axis, 
there being no hills where the depression between would have carried 
the hard limestone rocks below the general level or incline forming 
locally the lowest limits of atmospheric denudation. 


Antidinal imperfect. 


As usual in these features the ground is hilly, but little more than 
one ridge can be perceived, the southern side of 
the anticlinal having for the most part apparently 
disappeared in a fault coinciding very dosdy with the adjiacent part o£ 
the Teeme Towey (Tiri Taui) river bed, but where remnants are 
these are inverted. 


( ) 
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This is not the only fault affecting the configuration and structure 
of the groundj the northern ni^iinnilitic limestone 
rim being broken through in two conspicuous 
places as shown upon the map^ besides adjacent smaller faults. 

But the main features of the structure are beautifully preserved at 
Antidintl wdl leeu at of the ridge where the convex^ smooth, 

endi of dlipnid. hog-backed surfaces of the nummulitic limestones 

like the ends of an inverted canoe of huge dimensions take the ground, 
and are successively covered one over another by sheets of tertiary sand- 
stone having the same form and a common axis of curvature. This is 
most evident at the western extremity of the hill, the anticlinal being 
continued fora long way by the sandstone series between two syn- 
clinal troughs, in whidi the successive beds may be traced each within 
the hollow of another. Farther east other contortions enpi|rvene, but 
towards the Indus the strata become more steady as the succession rises 
to the newer sub-divisions of the sandstone series. 


The lower beds of the last named series rise high upon all sides of 
Tertiary lower eand- the Saya hills, except that towards the Towey river, 
where the slopes are of gypsum or gypseous debris 
overlying the salt. Between these two the nummulitic limestone forms 
all the higher crests and stronger features of the ground. 

In the very lowest of the sandstone beds dose to the nummulitic 
limestones there are some highly fossiliferous layers 

Bodo ImAi. 

foil of bone fragments, snob as ribs, terminations 
of large bones, parts of skulls, and not nnfreqnentlj reptilian teeth. 
These beds are well seen on the pathway by which the salt is carried to 
the dep6t at Malgheen (MtUgin). One dab dose to the track contained, 
when the place was first visited, a large part of the rostmm and sknll 
of a crocodile with several teeth (discovered by Dr. W. Waagen), bnt 
on a snbseqnent occasion this was searched for in vain, having probably 
been broken np in the interval, foi many stones from these beds with the 
( fiSS ) 
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BJipeamnce of having been fredily quarried were found collected near the 
spot as if with the intention of improving the road. 

In the same layers with these bones> and having a somewhat wider 
vertical range than where previously observed^ the same large thick-ribbed 
shell as was found near the Ismail Kh£l river again oocursi but in 
equally bad preservation. 


Fossil exogenous (7) timber is also met with, sometimes in the lowest 

beds, sometimes higher up in the series, as in the 
VouU timber. „ , . 

valley between these Saya (Sdya) hills and the 

ridge rising between them and Malgheen (M&lgin). 

In this and the neighbouring country, particularly to the north-east- 
Lower tertieiy wnd- ward and the north, perhaps because the exposures 
etonee well eeen. lower rocks of this series are more largely 

displayed on the flanks of most of the hills, the difference between them 
and the newer beds of the sandstone series becomes very marked, the 
deep purple colour of the strong sandstones and the brighter red of the 
clay zones being very conspicuous, while to make the contrast stronger, 
thick zones of very green glauconitic-looking sandstone frequently 
occur among these lower rocks. 


The contact of these lower tertiary sandstones with the nnmmulitic 
Their oonttofe with the limestone presents here no appearance of unconform- 
nnmmalitlcf. elsewhere), the very next bed 

to the limestone being highly calcareous, and containing numerous small 
nodules of brown hsmatite (as also observed beneath the limestone cap 
north of Kureerosnm, (see page 94.) 


It had long been suspected from the many slight differences observed 
in the various junctions of these groups that the newer one certainly, and 
possibly the older one also, followed no rigid and unvarying succession 
in detail, but that more naturally they were sulgeet to a certain 
amount of lateral change, noti however, sufficient to remove or conceal 
their distinctive general diaracters. An instance in point occurs here, 

( 289 ) 
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where there is a very peculiar layer made up of small slightly flat- 
tened calcareous concretions exactly like^ if not exactly the same as, 
one veiy often to be observed close to or just above the limestone, but 
at this place separated from it by about 100 feet of the lower tertiary 
sandstones, the bone beds and the layer containing both bones and 
shells. Hence it may be assumed with an amount of accuracy depend- 
ing on the identily of this peculiar layer that the basal beds of the 
sandstone series, though generally contemporaneous, cannot be asserted 
to be strictly so within narrower limits than the time necessary for the 
deposition of a hundred feet of rocks. 

The red clay zone below the limestone is seen, but can hardly be 

said to show itself strongly, here, and the whole of 
Bedsone. > 

the interior of the ellipsoid forming the southern 

side of the ridge is enormously covered with gypseous and reddish- 

earthy ddbris partly re-arranged naturally into a recent^^pseous rock 

or tufii, and partly artificially arranged by the long continued operations 

of the quarrymen in extracting the underlying salt, (see appendix). 


Gypsum. 


The gypsum presents the usual characters, being partially opaque 
and solid, white-gray or blotchy, and more fre- 
quently compact or granular than crystalline and 
translucent. The lower portion of it resting on the salt was found to 
be black and bituminous, and associated with some blackish clay like 
rotten alum shale, presenting carbonaceous, ferruginous, and gypseous 
appearances, and containing fragments of hard dark limestone derived 
8iH.ndgj|iitimiator- from layer, in the gypsum. Inteistratified with 
dark oolonred gypMou. rook there wa. men at 
one place a 2-foot layer of white salt, and in another as if lower than 
this, pale-gray, stony-looking gypsum, and a hard crystalline rock 
resembling a mixture of gypsum and limestone, in which were found 
some very small clear crystals of Anhydrite. 


The stratification marked by these alternations was nearly hori- 
zontal, and being near the axis would coincide with the anticlinal 
( 240 ) 
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structure of the ground, as shown in tlie sections. Figs. 82, 33, and 34, 
of the Saja ellipsoid, (Malgin salt quarries) about one mile in extent, 
each. 

1. Book-wit. 2. GypMoaf lerioi. 3. Bed oley lone. 4 Nummulitio llneotoBo. 5. TeKloiy 
undetonee. F. Fonlte. 

The salt of this locality will be found referred to in the appendix ; 

it is of the usual dark groy colour, and like that 
Rock-ialt. .7 

of other eastern localities, the upper part is in 

places somewhat bituminous near where it is in contact with the over- 
lying black bituminous gypseous rock ; from the situation of the quar- 
ries its thickness may be over 200 feet. 

There is a rather large accumulation of boulders and debris along 
the foot of the hill west of Saya, now at a higher 

Boulder Rocamulation. 

level than that at which the river runs, but which 
may nevertheless have been brought together by the transporting 
agency of this Tecree Towey (Tiri Taui) stream in former times. It 
appears to be quite local. 

A little further down the stream is the village of Zertungf on its 
right bank, at which gold was said to be washed 

Qold-waihing. 

from the sand of the stream during the rains, the 
practice having given the name to the place (zer), meaning gold in 
Pushtu or the language of this couutry, and (tunga), a kuss, khud, or 
ravine. 

The fault in the river here would seem to be considerable, and the 

Fault in Teeroe (Tuf) sandstones on its southern bank appear 

to form undulations in the bottom of what had 
once been a narrow synclinal trough. 

The contorted state of the beds extends for miles down the course of 
in iu the Towqr (Tbui), but bofoie this roaches the 
Indus, steadf sections are seCin on each side rising 
upwards in the newer rocks of the scries. 


( ) 
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T,—The hilly ranges and their neighbourhood from Bahadur Khll and 

Soordag (SurddgJ country to Nundrukhi and Eolmrmi mountuina. 

Most of the hilly ground which has now to be noticed fonns 

double or triple^ often anticlinal, ridges sometimes 

Form of ground. , , 

with synclinal plateaux or other high ground, or 

deep valley, between the more elongated elevations. It first takes the 
character of a range towards the westward near Luttummer, where 
crossed by the Chungdsh river (called Chunghaze on the map), and here 
is formed of a central mass of tertiary sandstones and clays, rising to 
considerable heights, disposed in a wide synclinal curve or closely con- 
torted between two remnants of smaller anticlinal curvatures, respectively 
north and south of the former at the edges of the range. 

The most northern of these anticlinals may be called the incomplete 
ellipsoid of Bahadur KhS, and the latter the still 

EllipBoidt. 

more imperfect one of Luttummer. Both occupy 
more or less, or coincide with, hilly ground trending in a direction ge- 
nerally- parallel with the range. From the summits of this high ground 
the whole range may be seen to expand into a mass of nearly horizon- 
tally-bedded sandstone hills in the country of the Wazeeris (Waziris) to 
the westward, rising conspicuously above which 

EuiBr Edt. 

are the cliffs and pinnacles of an outlying patch 
of coarse conglomerates, known by the name of Kafiir Kdt. (^) 

The section would doubtless be interesting and instructive, ascend- 
ing through the whole series of the tertiary sandstones, but it is unfor- 
tunately, most of it, in forbidden ground. Directly south of Kaffir Kdt 
almost every bed of the soft upper sandstones beneath that patch of 

* Kailir Kdt is limply a man of conglomerate waihed into perpendicalar tower-like 
ibapei by rain. One of these towers was ascended with great difflcolty and desoended with 
greater, there bdng literally nothing to hold on by. The whole of the range from Katfir 
Kdt to the hanks of the Koornm, some twenty-dve miles to the weit^ is of the same forma- 
tion. From informaldon kindly inpplied by Golond H. 0. Johnstone, Snperintendent of the 
Pniijab Frontier Survey, which quite corroborates the account given by the messeqgers sent 
the place (see pages 5 and 71). 

( »42 ) 
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conglomerate seemed to be visible in a southerly direction^ with older 
beds coming out from beneath^ as far as an anticlinal-looking limestone 
hill just beyond the meridian 70 ” 80 ' east longitude. 

The lower part of this section comprising the usual gray and pur-^ 

^ plish beds of the basal part of the series overlies. 
Lower tertiary aand- 

■tonea embracing Bahd- curving and enfolding the western part of the 
dnr Khel anticlinal. 

Bahadur Khdl anticlinal, where the nummulitic 
limestone may be seen conforming to the curves of the sandstones and 
followed within by the red clay zone intervening between the limestone 
and gypsum, the soft sandstone and shale or clay group with nummuUtes 
seen to the northward being absent here. 

Starting from this place the limestone on both sides of the anticli- 
inTonon of Ume.ton«k Kurehni Algad (Btream) south of 

Bahadur Khdl is either much disturbed or 
vertical or inverted as usual, appearing to overlie the sandstones, &c., 
beneath which it passes to the west. Towards its base it contains some 
marly light coloured bands full of fossils, large Lucina and such bivalves 

in numbers ; also conee and some other gaetropoda. 

FobuIs. , 

In other layers it also contains the large thin 

fotalina so characteristic of the 'Subathu^ nummulitic bands in the 
Potwfir ; these, on the one hand, and the larger forms previously men- 
tioned on the other, both combining to link together here and elsewhere 
certain of the characteristics of the Salt Range and 

Snb&tbfi obanteten. 

of the Subathd nummulitic types in a way which 
may have some weight towards the identification of all three as belong- 
ing to the same 'Sub&thii^ nummulitic period rather than forming 
different eocene stages. 


The red clays underlying the limestone display themselves most 

_ , largely to the ^est where the axis of the anti- 

Redaone. . 

clinal sinks, and the g3rpsnm within occurs as a 
narrow zone, from the confused stratification of which little of the rela- 
tions cau be ascertained. 

( ) 
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The iDversion aud crushing along the north side of the anticlinal 

InveraioD and cruah- ^ accompanied by fracture 

in some places^ though probably of no g^t 
amountj for a highly coloured red band in the tertiary day and sand- 
stones occupies the flanks of the hills, outside of which comes a greenish 
and gray band, chiefly of sandstones, not unlike those of Dungdte on 

GreenUh lower tertiaiy ^^diis (eastward of K£lfLb4gh), and these beds 

Banditonea. ^ ^ those succeeding the lime- 

stone where the positions are more natural. In one place at about 800 
yards outwards from the limestone a thin band of conglomerate occurs 
in the green sandstone, containing both quartzite and tertiary sand- 
stone pebbles, a local feature which has been previously noted in the 
lower beds of the series. 

One of the salt localities of the district occurs in t^ gypseous 
series of these hills just on its north side, and on 
the watershed between the Chungdsh and Kurshni 
streams. The exposure of salt, said to be small, lay concealed by fallen 
masses of the gypsum, but a strong white incrustation of the mineral 
was seen to mark the spot. 

As the western termination of the ellipsoid containing the 
largest salt exposure in the whole district, a 
cross section taken about two miles west of the 
Kurshni gorge may be given to show the arrangement of the groups. 
Fig. 85 is a section across the hills, west-south-west of Bahddur Khdl, 
about one mile in length. 


Snppurri aalt locality. 


Section. 


1. Place of the aalt a little to the weet. S. QjpemB. 8. Bed el^ aone with two aanditone lajera at 
top. i. Nommiilltio limeitone. 6. Terttaxy aanditone aeriia. F. Flnlt. 

We come now to the salt fleld of Bahddur Khd containing its 
Bahfcdnr Ehfl aalt quarries, the latter forming a small feature of the 
place, while the salt at once attracts attention, 
stretdiing for four miles up the valley of a small stream, which runs 
westward into the Kurshrfi defile. For four miles further eastward the 
salt is less exposed, but the nature of the ground shows its presence 
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with an average width throughout, often approaching and BometimeB 
exceeding a quarter of a mile. It ia not only in the bottom of thia 
little valley that the naked aalt ia aeen, for it alao forma mudi of the 
aidea and riaea with two conapicuoua hilla 200 feet in height in the 
middle of the glen. The whole of these hills are exposed rock, and the 
rock is salt, except a small capping of craggy gypsum on top, which 
looks in places somewhat disturbed and greatly weathered (see frontis- 
piece). 

The aspect of all this gray rock-salt is peculiar, often dull and icy, 
with irregular darker patches or blotches, giving 

Aspect of the wit, 

many of the beds a conglomeratic appearance, but 
which broken into are found to be perfectly clear and crystalline salt. 
In other places it has a blacker look, and thin muddy layers are not 
uncommon. 

The stream in the valley is said to flow constantly and to be largely 
derived from springs ; it is of course saturated brine running on a bed of 
but slightly concealed dark rock-salt strongly contrasting with the copious 
thick dendritic incrustation which almost entirely covers the stream, 
forming a surface of quite sufficient strength to support one's weight. 


Notwithstanding that the exposure of the salt is so great, there 
are attendant circumstances giving a good deal 

CompleKity. 

of complexity to the relations chiefly on the 
south side of the salt tract, but, fortunately, these are specially clearly 
seen just at the western extremity of the latter in the Kurshrd Algud 
gorge, where two streams meet south-west of Bididdur Khdl. As the 
Eonbrik Algad we- Mction exposed here is so highly instructive re- 
^ garding the arrangement of the groups, and 

shows the proper place of the salt, it will be well to describe it briefly 
(Fig. 36) before considering that taken across the larger devdopment 
of the salt near tbe quarries to the east. 


1. Bodl-wH. 1. OJPMOOI Mriw. S. Btd elij wne. S. Nommnllile timwIoM. • A 7. TmUnf 
•andiioot. 


( ) 
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Anticlinal, 

Nobve ura. Sovn izsi. 


No.7.{ 


Red and graj boda 
clay (cruahed). 


'* i «meB,maahcnulied, 100 jarda i 
L oflimeatone. 


{ Gray aandatone containlnir 

lamps, blocks, pebbles, and tnegn- twT 
larlayen of dark-gray limestone. ^ 

TDark and nale-srravcUT forming ^ 


No. 6. 


fDark and pale-gray clay forming 
a thin layer overlying nearfy 
white nummnliiic limestone, 
foasIlifiBroaa 

. Two bonds of red and yellow 
No. 6.4 olsy near bottom of above, one 
4 feet, the lowerthioker 
Gnqr clay or shale 
Thin bond of hard nuinmiilitio 
limestone 

CGxay day, 8-foot band 


W 


10 ' 


>■67' 


I Gray and varlM 
L lumpy ap 


fBugged, Inmpy, nnmmulltlc llme- 
I atone, with a hard g m^r j band in 


C Purple and gray variegated day a'*) 
Wa « J oontaining a 8- f 

no. 6-inoh bond of aandatone j ^ 


Wa aJ the lower SO feet, foBsiliferons... 70' 1 
no. ^itoniating limestone and shale i 

I with four red and yellow day ] 

L bonds ... ... 4fJ 


Purple and variegated slightly by 
green cl^ ... ... 16' 

Bed elay with sandy layers ... 80' 

»•■{ SdSlff"!"* il 

Coarse purpilsh sandstone (d ... S' 
Bed elay with greenish Bvem 
. below ... ... ...807'J 


74' 


270' 


No. 8. Compact white gypsum ... 82' No. 8. Compact whitish gypsum ... 40' 

No. L Centre of antidinal.— Gray and greenidi day with disturbed masses of gypsum and ddbris ; 
also an esposure of rock-salt measuring 48 feet by 16 feet high; length between from gypsum to gypsum 
about 180 feet. 

Descending this gorge from Bab&dnr Khdl purplish-gray and red 
beds of the tertiary sandstone series are found 

Details of section. 

at the northern side of the anticlinal dipping in 
inverted order southwards at 70^ They have a good deal of red clay 
intercalated as observed to the westward, and at their junction with the 
nummulitic limestone exhibit a broken, crushed, and disturbed appearance. 
The rock in contact with the latter is a gray sandstone with little trace 
of stratification, and containing both lumps and in'egular layers of dark 
gray, compact limestone with few traces of fossils, and more rarely small 
white alveolina limestone pebbles, oontaining these forms. It contains 
also plant impressions, thin coaly strings, small bone fragments, and 
pyritous nodules. 

The junction line is here, both as regards this sandstone and the 
nummulitic limestone, very irreg^ar ; at one place purple clay touching 
( 246 ) 
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the limestoiie^ at another this sandstone with a thin dark-gray olay layer 
between. The surface of the uneven limestone does not look like one 
of erosion^ and the appearance seems due to the effect of pressure 
upon rooks of unequal hardness. 

The adjacent nummulitic limestone is of very light colour and 

Jmctfam of Kmerton, numerous fossils. Intorstratified with it 

and lasdrtone. ^ yellowish clay bands (Pig. 87) ; 

the upperj 4 feet thicky and the lower, thicker like it, but containing 
lumpy calcareous nodules. Next to the strong band of limestone 
is a 3-foot layer of gray shale passing into the top of the red clay 
zone which is here marked by another 3 -foot band of gray and purple 
variegated clay. For a great thickness below, this smooth, bright red 

a. Nounnlitio llmeitone. A Onj Mnditone. t. Bed ud grv «eiidetonee end olaye. 

clay occurs, with few traces of stratification nearly vertical and inclined 
somewhat to the south if anything. It is here and there covered with a 

Sandstone layers in efflorescence, and not far from the top 

red clay zone. contains a well marked band, 2 feet 6 inches tliick, 

of purple sandstone, in parts conglomeratic, from small quartzite pebbles. 

Below the red clay, in the middle of the section, are apparently two 
bands of nearly vertical gypsum enclosing between them a confused 
mass of greenish-gray olay or * Sieenkoura * with great detached blocks 
or masses of gypsum (one of which measured 30 feet across). Within 
this clay there is also exposed some of the rock-salt, its relations being 
very obscure, having little connexion with the arrangement of the clay 
and being partly concealed by ddbris. These two gypsum bands have 
quite the same character and nearly the same 

Gypsum. 

thickness, and, moreover, as the whole section is 
repeated on the south, it becomes evident that they once formed the sides 
of an anticlinal curve. 

The red clay zone is some 40 or 50 feet thicker on the southern side 

of the axis than on the north, and the purple sand- 

Sonthiideo leetio jg represented by two similar 

( ) 
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layers. The uppermost portion of the zone, a band of pale purple clay, 
is also here proportionately thicker, and contains lumpy calcareous layers 
and nodules which increase upwards in quantity till they form the first 
bed of the nummulitic limestone. « 


Fossils are not seen in the lowest 4 feet of this limestone, where 
shales alternate with it, there being four red and yellow earthy beds 
among these, the lowest of which is the thinnest. A hard gray lime- 
stone band like that on the other side of the axis here occurs higher up 
in the group, and the upper portion of the latter is rugged and very 
lumpy nummulitic limestone with several of the usual fossils. 

The junction beds of the tertiary sandstone here are somewhat 

SoDthem jimotion of tte corrugated surface of the limestone 

hmctoiM ud Moditone. covered by 4 feet of gray and variegated 

clay, with large irregularly rounded limestone concretions or nodules. 
This is- succeeded by a coarse, gravelly, loose sandstone, lar^y composed 
of nummulitic limestone ddbris, 6 to 7 feet thick, and following the clay 
and limestone stratification quite regularly. It is, however, quite local, 
and does not appear on the opposite bank of the stream. Over this 
come the red clays, sandy clays, and purplish or gray sandstones as usual. 
At the lower positions in this tertiary series the whole section is one of 
considerable interest, showing, as it does, the true structural relations of 
BO many of the groups in a country where most of the appearances are 
apt to mislead. 


With regard to the relations of the salt and clays and gypsum, 


Western anticlinal in- 
dications at Bahidnr 
Kh^ salt locality. 


which are so obscure in the centre of the section, 
much of the obscurity disappears on ascending 
from this gorge the little stream of the salt 


quarries valley, which unites with the Kurshrii Algud by a rocky fall in 
the tertiary sandstones at the southern side of the above sketch. 
Having reached the axial region, the salt, of which from 10 to 15 feet 
in height is exposed, is found horizontally arranged below gypsum, also 
horizontal, and some 15 feet of greenish day intervening between the two. 
( ) 
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A little further on the salt clay and gypsum with the same arrangement 
takes even more the appearance of an open curve^ but complications 
soon set in^ the stratification of the salt becomes vertical or curved^ so as 
to correspond with the northern side of the anticlinal into which the 
stream seems to have worked its way. 


From this place to where the road to Baunfi crosses the salt, some 
Faulted southern gypsum and less of the nummulitic limestone is 
bounduiy of salt. edging the salt, but close to the road the 

latter disappears entirely^ and soft red clays and tertiaiy sandstones 
coming into junction with the salt^ the crushing and confufiion dis- 
played at the faulted contact is extreme. In the linct of the fault small 
and apparently displaced representatives of the gypsum^ the red clay 
zone with purple sandstones in its upper part^ and a little of the nummu- 
litio limestone growing thinner downwards^ are inverted, dipping at high 
angles in a northerly direction. 


Not far from the road and south from the furthest eastward of 
Gypsum capping ter- which is seen in the frontis- 

tiary sandstone. piece) there are some horizontal patches of the 

gypsum forming caps upon hillocks of red clay and tertiary sandstone, 
while in the same neighbourhood more of this gypsum rests partly on 
the same sandstone series and partly on the salt, see Fig fib, which shews 
the section through the Bahadur Kh^l salt, east of the quarries. Bearing 
in mind the Eurshrfi Algud section and its arrangement, it is difficult to 
account for such appearances as these except under the supposition that 
before the ground assumed its present denuded form, the solution and 
removal of salt beneath allowed portions of the gypsum to slide bodily 
from their places to lower positions. • ^ 

1. Soek-Mlt, lAOO feet ezpoenre. 2. Gypeeoae eeriee. 2. Red nlej lotie. (4. Sudefame In S.) 5. Nam* 
malltlc Umeetone. 0. Tertiai 7 eudetone eeriee. F. Fanlte. 


The salt of this exposure and method of working it will be found 
fully described in the appendix, so that it will be sufficient to mention its 
relations here as one of the rocks of the country only. 

T ( 249 ) 
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Fig. 39 is a redaoed sketch of a rough survey from one side of the 
salt exposure to the other with the dips 

Thicknesi of salt. ^ ^ ^ 

marked^ from which it has been calculated that 

the thickness of the salt at this place is from 1^000 to 1^280 feet^ or even 

more. Its stratification is almost everywhere distinct, and rendered more 

evident by thin earthy layers alternating with the beds. Here the 

dip is eveiy where northerly — ^in the lower beds from vertical to 70'' 

declining to 50" or 55", forming a bold half arch in the central hills, 

again high after passing these, but gradually becoming lower to SO", 

where the last of the salt is seen. There are only two points, marked 

a and b on the plan, where some curvature of the beds or disturbance 

of the steady high dips occurs, likely to reduce the total thickness of 

the section, and these curvatures appeared to be quite local, not being 

traceable for any distance, but though the consecutive high dips follow 

from bed to bed, the strike is not parallel throughout, a result which 

may bo due to pressure or even to concealed fractures or faults, though 

no such features could be observed in this section, the only marked 

divisional planes indeed, besides those of bedding, being some strong 

nearly horizontal joints. 

The gypsum capping the central hills presents more difficulty with 
Gypram mpping oen- regard to accepting the measured thickness of the 

That to the north succeeds the salt 
as elsewhere witii apparently perfect conformity. 
The capping on the hills has the same arrangement as already noticed 
to the west in the interposition of a greenish-gray day band between it 
and the salt, and there is, at all events, a certain amount of parallelism 
among these beds. Still it is dear that if the salt beds to the north of 
the hill were produced upwards, they would pass, even at a much lower 
slope, far above the outlying patches ; hence, if the latter are conform- 
able and in their original place, they must either have been embedded 
in the great salt deposit^ or else, being really the lower part of the 
succeeding zone, the enormous thickness which the salt exhibits must be 
( 250 ) 



HILLY BANGB8 AND THBIK NBIOHBOUBHOOD FBOM BAHa'DUB KHJ&L, ftc. 147 


a false appearance due to ccncealed faults or to carves the connexion of 
which is no longer visible. 

But these cappings of gypsum need not necessarily be now in their 
original places^ we have the same rock to the south in utterly- abnor- 
mal positions, and there is no g^ood reason why these two patches should 
not also have transgrossively subsided from higher levels owing to 
dissolving of under-lying salt ; the situations in which they rested having 
decided the formation of the hills, to the soluble strata of which they 
formed a protection against the atmospheric erosion. 

One of the hills considered by itself presents much the appearance 
Curvature in WiUn g of half of an anticlinal curve, and where inversion 
is so common (the rule rather than the exception) 
there would be little difficulty in supposing the salt beds to the south- 
ward all inverted, if any due could be found to the fact beyond the 
reversed dips of some portions of the series just at the line of fault 
(already mentioned) where local complication lessens their value. 

By introducing faulting to the north of the hills, the appearances 
might also be explained with great probability, but of this no evidence 
has been detected. 


The similarity of the salt-rock throughout gives it as a mass a 
unity of character, rendering contortion repeating 

Siniluri^ of nlt^rock 

throughout agunit fault- the same beds more probable than dislocation; a 
lug. 

sameness of aspect, too, all but fatal to the hope 
of discovering repetitions among the layers/ more particularly as these 
are in places strongly obliquely laminated (or false bedded) inducing 
distrust of discordant appearances. 


However the case may be, the fact remains that a catting 1,500 feet 

in length could be made as the shortest straight 
FoiriUe lednotiou of ^ 

inespu^ of line from side to side through .highly inclined rodi* 
salt and nothing else, except the small qnantity 

( 851 ) 
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of clay associated with it, yet it does seem strange, that while the 
anticlinal structure pointed out to the west recurs ejen more strongly 
about a mile and a half to the east, its disappearance should be accom- 
panied at this the widest exposure of the salt, by an apparently enor- 
mous thickness of the deposit, and at the same time the clearest evidence 
of disturbance at the place, instead of explaining this appearance, should 
be limited to a large downthrow fault at the outer limit of the salt to the 
south, which it is not easy to connect in any way with the usual thick- 
ness of the salt itself, a thickness which, even if capable of reduction 
from the above considerations, would still remain large, probably from 
350 to 700 feet. 


The gypsum succeeding the salt takes its usual place near Surreenda 

on the south of the exposure, and thence eastward 

Gypsum. 

is often seen the red clay also overlying %, but the 
nummulitic limestone is much thinner than usual. Northwards of the 
last named village, and on the opposite side of the salt valley, the gyp- 
sum spreads out over beuch-like hills lower than the nummulitic lime- 
stone escarpment cresting the village and regularly succeeds the salt. 

Above it the red clay zone comes in its proper 

Red day zone. 

place, occupying depression at the foot of the 
limestone outcrop, having near the base of the latter a well marked 


band of strong purple calcareous sandstones weathering of a very dark 
color. Those are about 10 or 15 feet thick, (to judge from their broken 
outcrop); they contain black, flinty pebbles, and on looking over their 
weathered surfaces some small fragments of bones were found embedded 
and one small portion of an apparently reptilian tooth. The band is 


FobbUb* 


evidently a larger development of that found on 
the same horizon in the Kurshrii section and to 


the west, while the fossils mentioned and the nummulitic layers observed 
south of Teeree are the only kind of organic remains met with in the 
whole of the red clay group. 
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In the nummulitic limestone above ore some layers largely form^ 

of shell fragments^ apparently the romains of oys* 
Nammnlitie Umeitone. , „ , , . , t i. j- 

ters^^ and higher up numbers of the ordinary 

fossils, generally in an imperfect state of preservation. The 
limestone has much the same thickness os at tlie Kurshrd /Qgud ; it 
curves with an increasing dip to the northwards, and occupies most of 
the tunnel, by which the road issues from the salt valley into that of 
Bahddur Khel, near which excavation it becomes nearly vertical. 


Tertiary aandatone. &c. 


The usual lower beds of the tertiary sandstone series succeed, dip- 
ping off the hill, but becoming rapidly perpendi- 
cular along the southern side of the Bah^ur 
Khdl valley and in the large nullah running along the foot of the salt- 
quarry hills westward. Very brightly colored red clay and gray sand- 
stones alternate \ they are either vertical or dip to the southward os a 
rule, but half-way between Boghd (Rdghu) and Bahddur Khdl are 
closely contorted. 


Towards the middle of the Bah&dur Kh<^l valley are soft gray 
sandstones and red clays, with pebbly bands and occasional greenish-gray 
shaly clays more or less covered by detrital accumulations. The dips 
are generally high, and also to the south more frequently than in other 
directions, the beds being probably a good deal folded here and there. 
The character of the rock indicates a middle or even somewhat higher 
place in the series. 

In the eastern portion of the Bahadur Khdl salt exposure, the salt 
East port of salt ez- ^ anticlinal arch with a dip of 50*" 

to the south and 60** to the north, near the Kundo 
Tapu or booij. From this towards Bdgho it is more concealed by gyp- 
sum with black shaly layers and by ddbris. Its stratification seems to 
undulate, one dip to the westward having been observed, but to the south 


• It waa presttmably some sooh beds as these which Dr. Verehera obaenred, draw- 
ing the infereoco that thqr were juraasio from their reseinbUinee to other abeUj Hmertwna 

near Kalabagh. 
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of its area it conforms to the southern side of the anticlimd curve^ there 
strongly indicated by the overlying strata. But on the northern side of 
this curve^ nearly midway between R^gho and Bahhdur Ehdl^ the differ- 
ent groups are much disturbed where two small and rather isolated hills 
stand out from the adjacent ridge. 


Limestone. 


Parple clay. 


The most easterly of these shows several slips, repeating the out- 

Cratortedrad dipped of red clay and nnmmolitic 

■octione to the norih. limestone groups, and these are faulted against the 

adjoining tertiary sandstones^ a few beds of which occupy a small con- 
torted trough towards the western hill. 

The limestone here apparently retains its thickness of 50 or 60 feet, 
but the hard upper alvtolina beds were not ob- 
served, those forming the local upper part of the 
group alternating with shaly bands and being highly fossili^rous. At the 
base of the limestones here are some thin, white, chalk-like layers, one of 
whidi is very conspicuous. These white, marly, chalky-bands continue 
downwards into the variegated clay below, in which 
three or four of them occur ; this day has the 
same pale purple tint as in the Eurshrd section, but here it contains 

Coppa^u«d cemera. ““y humatite and Uttle 

concretions stained of a brilliant greenish-blue as 
if by copper. Below this clay the coarse liver-coloured sandstones of 
the red clay zone are much exposed, alternating with red clay layers and 
forming a band of 20 or 30 feet in thickness. They are here conglome- 
ratic, and again were found to oontdn bone fragments. The rest of the 
red clay group below is much overrun by dd)ris, but seems as thick as 
usual. 

To the eastward of these hills the axis of the fiah&dur Khd anti- 
dinal comes out obliquely on the plain or valley to 
the north, and is cut off by the continuation of the 
fault at their northern side. Gypsum and gypseous ddbris with oooasiond 
salt exposures and many crater-like hollows indicating its exutence 

•( 26 * ) 
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below occupy the whole of the interior of the cunre, and bend round the 
northern slopes of the hills to adjoin the Nurree (Nurri) oatorq> beyond^ 
Soatbern tide of an- A^ho. The remains of the southern side of the 
anticlinal rise boldly, forming a fine portion of thf 
arch from Ch&rpurr& to Shoh (Sh&gh) and on eastwards to Nurree. In 
the gypseous series below Shoh one mass of gypsum rested at an angle 
of 30*’ unoonformably upon reddish gypseous clay rendered fiaggy by 
gypsum layers, showing its stratification inclined at 60** in the same di- 
rection as the overlying patch. This is supposed to be another instance 
of subsidence, en masse, of portion of the gypsum 
owing to removal of its support. In the same 
vicinity the series seems to have a larger thickness than usual, for regular 
interstratifications of gypsum and greenish clay in 10 to 50 feet bands 
undulate to the southward at 45* with a thickness of nearly 300 feet 
above the salt. 


Oypram series. 


The ' red zone' follows in its place, showing a transition from the 

Tmirition Vy ripfl.. alternating ripple-marked layer, of 

marked gypsum layers the latter with red clay, but the nummnlitic lime- 
iff to red zone. 

stone has greatly thinned away, there being in 
some places but 15 or 20 feet of yellowish, calcareous, marly beds to 
represent it. A few feet above these, there is a peculiar bond among 

GoDcretionory bed tertiary sandstones, almost entirely made up 
above limestone. ^ Umestone enclosing sometimes black 

chert nodules. This band makes itself very evident from the way in 
which its concretions strew the ground, and may be looked npon as, 
perhaps, the last trace of the calcareous rock producmg conditions of the 
Tbinning out of lime- pwceding. Concomitant with thinning out . 

of the limestone, there are near the highest point 
of the ridge evidenoce of unequal accumulation of the materials forming 
the succeeding group; a thick layer of purple day which rests on the 
limestone being seen to thin out to nothing, so that an overlying band 
of sandstone takes its place. Twenty feet above there is a band of 
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conglomerate in these sandstone beds^ containing numerous pebbles of 
, , limestone with alveolina and nummulitei enclosed. 

Limeatone pebbleB in , ^ ' 

lower tertiary sand- both in the pebbles and in the base. Flinty, 

cherty, and sandstone pebbles of the same kind as 
the beds above and below this conglomerate also occur with the limestone 
ones, so that this may be one of the shore deposits of the early part of 
the tertiary sandstone series, the derived contents of which certainly 
afford no more evidence of unconformity between the limestones and 
sandstones than of unconformity within the latter group itself, but may 
rather indicate formation in shallow water, within reach of wave action, 
or of distribution of materials by along-shore currenin. 

The same general succession and southerly inclination of the series 

i. ^ groups extends from hence towards Chdipurr^, 

North of ChiirpiiRB. 

north of which place a section of file ground 
would show again the anticlinal position of the rooks with the salt in 
the centre conforming to the curve, and the overlying groups dipping 
north and south at angles up to 50^ and 60^. 

The great central synclinal of the lower .tertiary sandstone series 
Central tertiaiy Band- between the Bahddur Kh^l and the southern 

range, where it is broadest, forms 
wide open curves with steeply sloping margins, the convergent inclina- 
tions becoming less towards the centre of the trough, in which situations 
the beds are nearly horizontal, the latter position having evidently 
added to their power of resistance to atmospheric erosion; thus the 
high plateau of Es&r, almost surrounded by precipices, has remained, 
and the higher mountain to the westward* reaching an altitude of 
2,838 (+70 ss 2,908) feet. Where the synclinal becomes constricted 

to the eastward, the beds are longitudinally fiEiulted, 

Foalti. 

and where the aides approach to the westward, 
compressed and complicated folding of tiie rocks takes jdace. (See 
section Fig. 41). 
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The Toeke which form the ejndinal eurre are wdl eeen along the 
Bo^ on tlio Bannfi Baim& road from Bahidnr KhdL Poiple and red 
nod IB the ^jndinai. mnoh red days are fimnd 100 jttda 

sooth of where the road leaves the salt at the salt quaitieS, and 
usual gray and purple alternations are crossed to where the road deAmda 
an incline beneath the fine cliff called 'Ydgceshd comber' west4>yii* 
south from Esdr. This is formed of thick gray sandstone with a fbw 
dark-gray shale bands below^ overlying 150 feet of red clays, the oon« 
trast between the textures of these two thick groups having doubtless 
fiivoured the formation of the cliff. Among the sandstones at the lower 
part of the section here some conglomerate layers as before noticed were 
again observed. From beneath this cliff the road again asoends to the 
pass of Soordag (Surddg) through a narrow strike valley where bright 
red days predominating among the sandstones give the name to the 
locality. 


The lower beds of the latter are seen sloping steq>ly downwards 

xa ;i n. Umestono surface which sheets the 

(Surafta) SooraEg xHuii. 

upper part of the Rindghur mountain south of the 
road and leaving one or two thick projecting patches on its side. 


Innlti. 


Towards the southern entrance of the pass where the road toms 
sharply in that direction to leave it, this Bindghur 
mountain sinks abruptly, while a lofty wall of 
the tertiary sandstone and day series, chiefly gray sandstones above 
and red day below, rises for many hundred feet immediatdy to the 

Idmistone oapping strange to say, capped at its 

tertbij Mndstonei. ||piunmit by a small patch of the nummulitao 

limestone. This place is evidently a focus of complicated omahiiig 
and faulting, in the midst of which, dose to the base of the northern 
diff, and, as it were, passing partly beneath it, is a 

JBOCk*IMKe ^ 

asrtow band of the nwfc-aelt whieh wee traoed ia 
atresterl, direction for 600 yards, with small masses of gypsam/aod at 
' portion of the red clay aone along ite sonthem side. 

V 
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The whole series of the Bindghnr mountain is here^ as it were, 

^ C'Ut, and directly in its strike ore low hills 

Newer tertuiiy bede . 

formed of reddish drab clay with pale whitish- 
green sandy layers, and broken bands of very soft coarse sandstone, 
in which may be recognised a portion of some of the highest beds of 
the tertiary sandstone series. So that here, whatever may be the united 
thidsness of the whole five groups of the country, we have a fault 
bringing some uncertain portion of the highest against the very lowest 
rocks of the whole succession. 

Among these low hills, resting upon the soft upper rocks in some 
spots, or confusedly occurring among them, are 

SMStlQll. 

very considerable fragmentary patches of the 
lower shaly portion of the nummulitic limestone. Fig. 40, shews the 
section at entrance to Soordag pass (Sdrd4g pass) (about one^mile}— 

1, Book-nlt a Gjpram. 8. Bed olay »m 0 . 4 Nnmmiilitilo limeitoiuu 6. Lower tortfauy nuidetone. 
e. ditto. 7. netrltel Moamoktknu E. Foolte. 

The salt here is of the same character as that at Bah^ur Khd, 
shows itself in exposures of from 5 to 80 feet 
high, rising over small spurs which separate the 
local drainage and holding its way in a tolerably straight line for the 
interior of the Luttummer anticlinal. The salt is not everywhere visible, 
being covered by a coating of gray saline clay, on digging into which 
it may be exposed ; this clay seems to have resulted from the decom- 
position of the salt itself, and is only found along the narrow line which 
it occupies. The width of the salt varies from a few feet to two or three 
yards ; in some places it appears nearly horizontcAy stratified, in others 
to dip northwards at high angles. Towards the west it is covered with 
disconnected patches of gypsum, having a like high dip to the north. 

Some xemains of the red clay zone are associated with it, and 
in these layers of the purple sandstone peculiar to 
that group also appear. 
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Gypsum oooors in two bands^ one dose to the salt, the other pandld to, 
but separated from, the former, by the red day band just mentioned. . 

In the face of the cliff above, two portions of curves in the strata 
, appeared to be marked by the alternations of d>l6r 

Curvet in cliff. * 

of the gray sandstones and red days as diown in 
the section. The lower red portion seemed to repeat much of the 
appearance of the band at the * Yagceshu cumber ^ but it would be impossi- 
ble to say that some of the clays of the red clay zone were not also 
present. 

On reaching the small cap of limestone at the upper edge of the 

, . ^ cliff it was found to be composed of a few beds 

LimeBtone cap. « . . 

of alveolina limestone, weathered and shaken, and 
having no relation to the sandstones on which it rests, the limestone 
being nearly horizontally disposed, but the sandstones beneath dipping 
northwards at a considerable angle ; the remains of a similar patch were 
seen at a little distance to the east north. Here also, as if passing 
bdow the alveolina beds, were a few layers of nearly horizontal, dark, 
earthy limestone containing rolled nummulites and lumps of alveolina 
limestone such as might have formed the uppermost part of the limestone 
series. 


Almost from the same spot the northern side of the Luttummer 
Luttummer anticlincl nummulitic anticlinal commences, inclined at a 
and faulting. angle to the north, so that it would appear 

as if this small outlier had once formed a vertical continuation of that 
limestone band, and when deprived of support had fallen over to the 
north. Either this ob some complicated combination of slipping and 
fiinlting must be supposed to account for such an eztraordinaiy 
occurrence. 


The Luttummer anticlinal is a feature of exactly the same type at 
Boi^f of tint antidi* that of Suppurri to the north (already described as 
the oommencement of this division), but is com-* 
pletely overthrown, both sides of the compressed curve dipping to the 
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northward at high angles^ the apex sinking westward as in the former 
«ase^ and the southern side apparently sharply reflects upon itself, so as 
to bring the red-clays of the red-zone into view beneath the limestone 
both within and outside its southern limb. The gypsum band in the 
centre is very narrow, the red clays more largely exposed, the nummuli- 
tic limestone thinner than usual, containing the usual fossils, and the 
tertiary sandstone series with a conspicuous red clay band below sweeps 
round from the northern side, over-rolling and continuing the expres- 
sion of the anticlinal in finely marked curves to the westward. 

The ground immediately south of this anticlinal between it and the 
B&nnti road baffles all effort to realise its complica- 

The sonthern flanks of 

the hill inexplicably con- cated structure. . Large, continuous, contorted, or 
fased. 

undulating masses of yellow, shaly, or marly 
nummulitic limestone containing thick nummuUtea and other flfbssils pro- 
ject, or overlie apparently the newer sandy clay series. This limestone 
may have a thiekness of over 100 feet, and is succeeded apparently by 
some of the lower tertiary purple and greenish sandstones and red clays, 
near which another crag of limestone without any visible relation 
appears. In another place the newer tertiary soft beds seem to form 
a dome-shaped mass surrounded by an imperfect ring of the shaly 
nummulitic limestone, the debris of which dresses all the hills in the 
neighbourhood, giving the ground a dirty orange colour and smooth 
barren look. 

The soft, coarse, gray sandstones and brown clays of the upper 
tertiary series are much disturbed, very fragile, and 

TJppor tertiary. 

sometimes contain thin veins of heavy spar and 
occasionally also conglomeratic layers, the pebbles in which are formed of 
granitoid or other crystalline rocks, with an odd one here and there of 
alveolina limestone, showing that the strange conditions which enabled 
these latter to-be transferred from the place of their formation without 
any appearance of unconformity between the two groups extended 
throughout nearly the whole of the newer series. Fig. 41 is a 
( 260 ) 
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diagrammatic sectional view of the arrangement of the groups from 
side to side of the range crossing both the anU- 
•* clinal and . synclinal curves near the ends of the 

former. — ; 

S. GjpsoonB Herlei. 9. Bod doy cone, 4. NunmulUie llmaotone. C. Tortluy Mndotono & Upper bodi of wbo. 
y. Detrltal Moamulotiono. F. Funlto. 

Along the southern base of the hills here from about Luttummer 
Stony belt at foot of by Soordag and on beyond Ooorooza there is a 
stony belt little inferior in its barrenness to that 
which is so marked at the foot of the salt range. Its pebbles are formed 
of the local rocks, and the material, when sections can be seen, is well 
stratified sandy and stony clay inclined to the southward at angles under 
tSO**. Beyond this zone to the southward all the country is a sandy flat 
traversed by the broad and shallow beds of dry nullahs, sometimes over a 
mile in width. 

The southern side of the Bindghnr mountain overlooking this low 
South side of Bind- ground eastward from Soordag (Siird&g) also repeats 
ghur mountoin. ^ great measure the features of the southern 

escarpment of the salt range ; its crest is formed of the hard nummuli- 
tic limestone, beneath which some gray clays and the red zone are par- 
tially seen, the latter still containing its dark purple sandstone band at 
top. This, soft zone occurring along the outcrop (as in the salt range) 
has favoured the slipping downwards of great masses of the limestone 
and other beds below it ; false outcrops of these 
Salt range c arac . being found on the flanks of the hill resting 

upon the same drab and reddish clays and coarse sandstones of the upper 
tertiary bed as occur to the north of Soordag. Except where these 
subsided masses project there is little to be seen on account of the thick 
coating of debris with which the slopes are dressed. To the eastward 
(over a place where a village or hamlet called Sumkilla seems to have 
once existed) the gypsum appears from beneath the red zone ufitfa a 
thickness of 50 to 80 feet, much entangled with gray and reddish 
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clay, the underlying salt being seen in the beds of small nullahs which 

cut through thick displaced masses of the gypseotis series. The latter 

Gypram : pauage into was here again observed to pass by numerous 

^ platy alternations into the purplish red clay above, 

these harder bands being ripple-marked, and at the place of transition 

partaking of the color of the upper rook. Some green clays (SAeei^ 

koura) are seen below masses of the gypsum, and 
Green clays. ^ ^ 

the whole hill side presents such a confused 

and disordered appearance, that there is little certainty about the relations 

of anything below the beds forming the scarp and crest of the hill. 

In the continuation of the Eurshrd stream at the east end of this 

Rindghur mountain (here called the Z&wfi i^lgud), 
Gooroosa section. . _ . * • , . 

a more satisfactory section of the rocks is exposed, 

from the rock-salt upwards, the latter occupjdng a width of MO yards, or 

560 paces, measured in the bed of the stream (see Fig. 48). 


1. Book-salt. S GypaeonH aoriei. a Bed day lone. 4. Nammalltlo llmeatone. 6. TerUaiy aandatone. 
6. Upper ditto. 7. Vallej bedi; detrital, hard, aaody, and conglomeraUc. F. Fault. 

Dip north, under SS-*. 

' 6.^Salt, any aandatone. and reddish days.— Upper tertiary aandstonei fknlted. 


- f Tertiary aandatonea, gray sandstones, with a strong band of pnrple) _ , . . . . ^ 

\ etaj, telow bod .ma of poipl. oh? f 8.Twdl.and«d 

{ Solid nnmmolitio llmestone-'dleMBaa horiion. 96 „ 

Nnmmnlitio limestone alternating with shales, most shaiy bdow 60 to 100 „ 

Blaok shales, with a thin irregular layer of whitish, waiy, soapy clay near top 6 „ 

Thin, lumpy, oaloareous layers ... ... ... ... ... 8 „ 

f Violet Tarlegated elay, hard, light coloured and aoft red and gray ... ... lo „ 

iRed day, aandy at top, with two aandatone bande, lowest 4faet, upper 0 fbet ... 400 „ 

rOypanm, compaot, wbitiab, and gray ... ... ... ... 80 „ 

(Green clay ... ... ... ... ... ... ... 160 „ 

!.-> Book-salt eMotHredkortsoateUif, bedding not dear, exposed for ... ...1,400 „ 


This large exposure of salt is inmost due south of the quarries at 
Bahidur Kh^, where the horizontal width was 

Rock-salt. 

little larger ; here the bedding lines could not be 
distinguished with the same facility as there, probably by reason of the 
lower situation having &voured the accumulation of debris and increased 
the effect of meteorio water passing over the surfaoes. If a general dip 
of even 85^ be allowed for the salt here, however, whidi would seem lower 
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than the average angle^ it would give a thickness of 700 feet for the 
deposit. 

In the gypsum series the gray clays again appear in the same place 

Gray claya. *** BahSdur Kh^l^ but the overlying gypsum 

itself seems unusually thin. 

The red day zone^ on the other hand« is very thick. Narrow veins 

Red zone. gyps^ni traverse the clay, and some of the joint 

surfaces have a dark shining filmy coating as 
though of iron or manganese. There are some greenish bands in it to- 
wards the base, and its stratification is shown by slight differences of co- 
lour or texture. The sandstone bands near the top are also again present. 
This clay is, as usual, closely united with the pale purple or violet band at 
top, which appears to form the base of the nummulitic zone almost as 
much as the uppermost member of this. 

The dark gray clay or shale succeeding the fin^t few beds of the 

„ limestone has a general blackish look, its position 

Nummulitic group. ^ 

renunding one of the nummulitic alum shales of 
Chichalf pass to the south, or the dark, pyritous and coaly layers in the 
Bfikkh ravine (near Namal) in the western Salt range. The alveolina 
layers do not begin to appear in this section till half-way up in the num- 
mulitic group, the nummuliies ore most developed also about the middle ; 
and the lowest fossUs are small turriMia-like gastropods and fragment- 
aiy oyster shells. 

The lowest bed of the succeeding tertiary sandstone series is a 
TerUu7 mnditone ze- purple clay band : some sandstone beds of purplish 
and gray color succeed, then the thick red clay 
zone seen beneath the ' Tfigosshii diff,^ capped by the strongly bedded 
soft gray sandstones of Es&r, but these could only be seen, not readied, 
from the gorge, the way being, as usual, barred by a diff with a deep 
waterpoel at its foot where the limestone crosses. 
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The whole of this Gk>orooza (Oilniza) and Soordag (Sdrddg) conntiy 

^ ^ suffers much from want of ^ter, that of the Ba- 

Want of water. 

hidurKhdl and Eurrudc streams being salt, while 
the inhabitants prefer carrying it from near Luttummer upon donkqrs, to 
constructing tanks or repairing these when broken. 


The only spring that was heard of in the whole country was a very 
small escape of by no means good water at the limestone outcrop high 
above the right bank of the Ziw6, iQgud. 


Just at the southern Umits of the salt there was observed a small 

Upper * tertiary beds exposure of the Upper tertiary soft gray sandstones 
and valley depoBita. clays faulted against the former, and soon 

covered over by thick, well stratified, hard, sandy, conglomeratic and earthy 
beds of the detrital accumulation flanking the hills, and Ikving a very 
decided dip to the south with a predominant reddish color. 


At Goorooza (Gdniza) near the chowM or booij, a small weathered 
lAineatone patch at patch of the limestone rests upon these beds at a 
Oooroozu (Gd za.) considerable distance from the hills, in the same 

way as some of the craggy patches from this to Luttummer, and although 
more than half a mil^ from any projecting exposure of the same rock, 
this has to be supposed to have reached its present position by means of 
former landslips when the configuration of the ground may have been 
very different. 

Close by Goorooza (Gdrdza) to the eastward, the soft gray sandstone 
Tiimutitiift in sands, and pale red clays with coarse, rusty, loose, 

tertiBiy landitone. gravelly bands of the upper tertiary are again seen 

dipping northwards close to the salt, and there ase sections lowing ap- 
parently broken and fragmentary bands of marly nummulitic limestone 
wedged aOd crushed among the sandstones, fragments perhaps of the 
corresponding side of an anticlinal curve which once continued in an arch 
from beneath the central synclinal over the. gypsum of the adjacent 
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oatcrop. One little section of a few jaitds showed the suooession as given 
in Fig. 48. 

a. Graj and rad aoft aandatona and olaya. upper tartlary P AForpla aaady oliv* «• Onj-aand- 
stono. d. Marly nammnlltlo Umeatona. A Parpllali gray clay. Red and gray tartiayy aandatanai^ not 
BO like the upper beda aa thoae aeen to the weal. g. Debria. t 

At another place close by a band of the limestone seemed to have been 
LimMtone over aand- pushed horizontally over the soft sandstones which 
dip to the north at low angles^ and in several places 
a mass of these tertiary sandstones was seen in close contact witli the 
outcrop of the gypsum and salt^ but capped by small patches of either 
limestone^ gypsum^ or the greenish gypseous clays. 

m 

From these facts and the general appearance of the junction else- 

/I ^ where; reason has been found to conclude that the 

Great Barak faolt. 

whole of the Bahddur Khdl and Hiikani range 
from Luttummer to the Shukkurdurra (Shakkardarrd) country is bor- 
dered by a continuous line of fault along the southern side of 
the hills^ the down throw of which to the south differs in different 
places^ but the general effect to the westward has been to place 
very high beds of the tertiary sandstoneb in junction with the salt and 
gypsum. This great dislocation extends for over forty miles^ and in a 
district where so many disturbances of the kind exist, it has for sake 
of distinction been called the ' Bdruk fault.^ - 

Two narrow nullahs from the eastward unite at Goorooza (Odrtfza) 
Rocks in nullahs east between which a rounded, elongated hill with a 
of Gooroora (GOrfisa). thick covering of gypsum over gray clays rises 

high enough to be visible from long distances, coming out from beneath 
this gypsum at its faulted outcrop along the right bank of the southern 
nullah ; the rock-salt also crops with an apparentfy varying thickness of 
15 to 20, and sometimes even much more than 50 feet; where not visible, 
its white 'dior^ efflorescence is frequently seen, enabling it to be 
traced for more than half^ the length of the little valley^ obsenrdy 
associated with the fallen masses of gray ' SAeeuioura * which intervene 

( 266 } 


w 



162 


WYNNE: TBANS-INDUS SALT BBOION^ KOH^T DISTBICT. 


between it and the g'ypsum. The opposite side of the glen exposes red 
and gray disturbed tertiary sandstone and clay beds, or the unconform- 
able surface deposits sloping to the south. 

Among these tertiary sandstones, &c., are beds having much more 
the aspect of the lower than the upper part of the* series seen to the 
west. They are all disturbed, dipping northwards at 40% 15** and 20% 
and sometimes show synclinal curvature pushed over to the south. In- 
tercalated in a purple portion of these beds, shaly below and with 
sandstones above it, is a thin, yellow, marly nummulitic layer, the asso- 
ciation of the rocks much resembling the thin limestone bands of the 
Subathu rocks along the northern side of the Fotw4r country. At 
another spot a little to the eastward similar thin bands of limestone 
were again noticed in these purple and red tertiary rocks. One side 
of au exposure near a saline spring showing an appearanc^ so different 
from the same viewed a few paces to the eastward looking back towards 
^ . the first that these (Fig. 44. and Fig. 45) may 

bo worth representing to show the complicated 
structure of the ground along the line of fault. Fig. 44 shews the west- 
ern, and Fig. 45 the eastern appearance — 


a- Parpla aod fed terttuy Mndetonop, Sc. A. Nommulitlc Umostono with Alveolinm wd JfuwmuliU», 
0. Tartiuy eAndatone^ Ao.. again, d. Gjpaum, fault between A and d^ and alipa alao probably adjacent. 

The limestone in both cases appeared to be truly intercalated in the 
purple and red tertiary sandstones, but it could not be ascertained whe- 
ther both were parts of the same band slightly displaced by slippage, 
or whether the eastern, which lies a little to the northward of the other, 
was a different and somewhat thicker layer. Neither exceeds 2 or 3 feet. 


It is difficult to say what combinations of slipping and faulting 

Behtiimi befcter leen ^7 occurred here, but further east towards 
to easti Imt inverted. nullah, where the tertiary sand- 

stones are much contorted, the anticlinal axes doping to the eastward, 
displaced patches of the red day zone occiu, and in one bank, lumpy, 
marly limestone such as that abovementioned, was seen in an inverted 
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section oYerljing purple clay and sandstone^ and succeeded by some of 
the deep red clays of this older zone> showing that inyersion, as so 
frequently the case« has added to the local complexities, and veiy pro- 
bably aided the disturbed and broken rocks in settling into anomalous 
positions. 

Although the junction beds have here no longer the upper character 
Upper tertioiy beds P^^iously described, that these upper beds occur- 
disappeer. ^ distance may be inferred from the 

lorg^ proportion of crystalline and g^nitoid pebbles occurring among 
those of the local rocks in the bed of the Algud. 


The northern nullah traverses the thick red clay zone beneath the 

The northern nnUah of the nummulitic limestone (here rapid- 

east of Goorooia. \j growing thin) and that of the overlying 

lower sandstones, these forming the openly undulating south side of 
the great central synclinal trough. The diminished thickness of the 
limestone here may be noticed in connexion with the small show it 
makes among the complicated exposures just now mentioned. 

The summit of the gypsum ridge forms a commanding point of 
Summit of gyprom observation. To the northwards the tertiary 
sandstones, &c., roll over elevated ground sweep- 
ing downward into the synclinal valley, on the other side of which they 
are seen to rise again, the widely extended and gently curved surfaces of 
the naked rookB forming a fine study of contortions. To the eastward 
these beds curve over the edge of the ^dinal and decline gently 
southwards to the broken and sinuous outcrop of the whole series of 
groups toprards the &ult, where the nummulitic limestone only shows 
itsdf in the escarpment as a thin and fugitive band, sometiaaea entirely 
absent. The red zone and gypsum appear below, but in much leas force 
than near and on the ridge from which the observer is supposed to look, 
and the dark rock-salt, though not visible from a distance, occurs beneath 
'all, its presence being certified by the inevitable guard tower or booij 
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in the direction of the village of Tuppee (Tupi). To the south of the 
outcrop is the sandy bed of the upper Koshee Algud bounding a large 
cultivated tract in the Sdruk valley (an oasis in this barren country), 
between the Bah&dur Ehdl hills and the rugged lofty Sheenghur 
mountains to the south. 


Salt of Tappee drung. 


The salt at the Tuppee (Tup!) drung locality dips to the north at 
30** and 40% and shows the horizontal joints noticed 
at Bah£dur Kh^l. Lying low, its quarrying is 
much interfered with by springs of brine. At thin locality a gain a 
broken band 20 feet wide of nummulitic limestone occurs in the tertiary 
sandstones dipping towards and dose up to the salt, the faulted junction 
here bending to the northwards beyond the general face of the high 
gypsum-covered hill to the west. In these sandstones, too, dipping 

Sandttonei containing “orthwards at 66® dose to the fault, ^ soft coarse 
Boatterad nnmmnRtcB. layer was observed endosing scattered aasi- 

muliUi which may have been rolled, though the usual rounded lumps of 
limestone which occur so frequently near similar evidences of derived 
nummulitic materials did not accompany them. The beds near are 
also much contorted. Gypseous seams were here again noticed in crossing 
the days of the red zone. Here, too, the overlying 
detrital valley beds seemed not to have escaped 
disturbance, a synclinal fold being seen in them close to the gypsum and 
gypseous clay. Under ground wasting of some of this soft series, how- 
ever, may have produced the result. 


Vall^ bed. 


At Kurruk the salt is two or three hundred yards wide and less 

KurakaaltlocaHiy than a mile long, but has very indefinite limits of 
exposure. It dips steeply to the nortl^ward, and 
possesses much of the appearance of that at Bahddur Ehd in some beds, 
though dearer looking on the whole and said to be heavier. 

In this neighbourhood other firalt oomplicatibns affect the rocks, 
oneaUpiii4kiiig.p<»tionrfthegyi«^ 
dip beneath tlie salt. Another ahcike fiinlt ooin>* 
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cides with a nearly east and west ravine among the tertiary sandstones 
to the northwardi exposing a portion of the underlying series^ and yet 
another, parallel and passing northwards of a part of this, is ahown to 
oocnr by a strong rib of gypsum appearing again among the tertiiiiy 
sandstones. These faults and the low cliff-like outcrops of the sand- 
stone series about here give many opportunities of observing the dis- 
appearance of the whole of the nummulitic group, a thin representative 
of which is occasionally seen, and even this sometimes is entirely absent. 

Fig. 46 is a section across range from near Kurruk to near R4gho— 

« 

1. Bodc-Mlt. S. OjpMoiif MTiM. 8. Bed city lone. 4 NnmmiiliUp Umertont . 5. Tortiuy Msd- 
■tone and olif aeilei. F. Fenlti. 


In Fig. 46 the Koneghurra fault, which is dying out just where 

Sectioiu doMribed section crosses, is represented to show the 

character of this part of the range. The gypsum 
is much broken and often partially concealed, but its relations to the 
other rooks were made out as above. There are associated with it bands 
of green clay sometimes abov.e or near the top, but generally below. 

The red zone still continues, but less thick than to the west, and 

_ . there are appearances of it on both sides of the 

Rod lone. 

gypsum in Kon^hnrra glen. 


The nummulitic limestone has dwindled away to a few lumpy beds 
closely associated with the violet day at the top 

liUOBOOfcOBO. 

of the red zone, and it. junction with the over* 
lying Bandstonee again ahowa the peculiar tranaition between theae 
gronpa. 

The Inmpy limeatone haa ita blocks separated by a sandy matrix, 
Jonei^ of for » *<»t or two above which the sand increasea, 

udtetttuyHiidatoMa jg ganj^one, containing ahapdeaa 

lompa of limestone, Ane of the oomeia of which are aharper than thoae 
in the litmwtniia bed bek^w. The lompa of limeatone grow gradnally 
amaller.and fewer upwards, bat alter some few feet recur again in greater 
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quantity. Even where the limestone band has entirely disappeared^ the 
sandy beds with limestone lumps resembling conglomerate are seenj 
sometimes containing nummuliUi in the matrix^ and showing that 
these have not been deriv^ from very local erosion of the limestone, nor 
does the junction of these beds with the underlying violet clays of the 
red zone show any sign of previous erosion or disturbance of the latter, 
the impression conveyed being that the limestone has tranquilly died out, 
sometimes leaving a couple of thin marly streaks to mark its position, 
and that the next succeeding beds as tranquilly took its place, the lime^ 
stone lumps in these being in some cams mere nodules, indicating that 
the calcareous conditions had not altogether ceased, in others, perhaps 
slightly removed, and slightly rolled fragments conveyed by currents 
possibly even before the rock had acquired any high degree of hardness. 

On the Andai plateau and the slopes above, the lower mndstones are 
Bone beds : foHil tim- thin, and here contain numerous fragments of exo- 
genous fossil-wood as well as fragmentary bones 
and lumps of the nummulitic limestone, all of which occurring near each 
other are especially characteristic of the lower beds. 

Eastward of Kurruk in the neighbourhood of Lukhi small exposures 
, ' , of sidt agam occur near the banks of the stream 

LnkhS Bait eaporareB, m i i 

from Turkbakooa, and not far from the fault, the 
existence of which is shown by the tertiaiy sandstone, red and gray beds 
dipping northerly at 45^ towards the gypseous, red and tertiary series 
on the northern side of the stream. Here at the termination of a patch 
or lobe of the sandstone series the rocks are greatly broken up and cut 
through by faults, between two of which a wedge of 

XaiiltB. ^ 

then beds is deeply let into the gypsnm. Gheen 
days ate aasociated with the latter, and patches of the ted day are 
rather ocmfosedly distributed. 

From Tnrkhakooa (Turkaikda) to Nurree (NdhQ the whole range 

uu « becomes reduced to a width of about two miles. 
Tarkhikooft to Nurree. ^ 

and though of no great height, the hilla are so 
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Section. 


Faults. 


difficult as to be barely praotioable for any except foot-passengers. Fig. 
47 shews the section from Nurree (Norri) to Turkhakooa (Torkaktfe) 
across the range, two and a half miles— 

1. Bodk-Mlt. a GypNoneMriM. a Bed oliV loae. (4 Wiatiiiti) 6. TtvUwyaaSilOMeHlii. 
F. Fenltf . 

* 

In the section the double anticlinal character of the range is again 
apparent in the two parallel elongated exposures of 
the gypsum on either side of the continuation of 
the tertiary sandstones which form the great synclinal to the west, this 
synclinal being here apparently inverted. Faults occur both at the north 
and south limits of the range, that to the north being 
a continuation of one previously mentioned as cut- 
ting off obliquely the extension of the Bahadur Kh£l anticlinal, and that 
to the south the great B&ruk fault. 

The Bahddur Kh^l anticlinal, however, does not seem to have been 
entirely cut off, as the curve of its southern side is continuous from Shoh 
to beyond Nurree. In the northern outcrop of this southern curve and 

NummuUtic limahm. Burrounding the Turkhakooa and 

vinent. Sirraikhw4 gypsum, the nummulitic limestone may 

be said to be entirely absent for a distance of twenty-four miles, or only 
represented by a few thin layers of the lower part here and there of no 
great lateral extent, or sometimes a 3.foot pebbly-looking bed of the lower 
sandstone, enclosing nummulitic limestone lumps, feebly indicates places 
where it ought to exist. 

One of these narrow layers of this limestone united by a thin band 

* a ^ V of blackish shale (such as was noticed at the base 

Lower bedi of liine- ^ 

■tone represented. of group in the Z4w4 Alg^d), to the violet or 

lavender-clay below is seen to the southward of the salt chowki or 
tower on the hill in which the salt quarries of Nurree (Nurr/) are 
situated. 

*The gypsum of tfiis locality seems much weathered and disturbed 
by atmospheric action, presenting, as usual, only 
Gypiam. unsatisfimtory evidence as to its thickness and 
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stratification, but accompanied along its upper side by a fair representa- 
tive of the red day zone. To the southward, toe, towards Turkhakooa, 
the gypsum sprawls over the ground with a large surface exposure from 
which little can be learned. The sandstones intervening between the two 
exposures are evidently low in the series and contain much red clay. 

The rock-salt shown in the above section is not exposed at Turkha- 
Rock-Mlt of Nome (Turkaktia), but occurs to the eastward 

within three miles. At. Nurree a good deal of it 
is seen forming the core of the high gypsum hill (south of the village), 
which is deeply penetrated by great crater-like hollows, the rain water 
collecting in which must find a subterranean outlet through the salt. 
The latter is whiter and cleaner than that at Bahddur Khdl or Kurruk, 
and is thought to be some of the best salt in the country. Its strati- 
fication is not everywhere evident, but seems to correspond with the 
half antidinal in which it occurs, and its thickness is apparently great, 
there being almost continuous exposures of 600 feet in the sides of the 
crater-like hollows, for a long distance beneath which the salt may be 
fiurly supposed to extend. 


From the salt mines hill at Nurree (Nurn) looking over the valley 


Contortion north of 
Nurree salt qaarriee. 


or plain to the north, in which the watershed 
between the Teeree river and Bahddur Khdl 


streams lies, one of the finest examples of contortion on a large scale in 
the whole district may be seen, the tertiary sandstone series forming a 
wide Gynclinal curve, extending from the foot of the hill to the B&nnu 
road near Totukhi. Within this harder ridges of the sandstone are 
seen successively coming round by Inzurruppa towards the Speena hills, 
and turning back by Nurree forming a great horse-shoe bend open to 
the west. The character of the lower beds in the Nurree (Nurri) 
tributary of the Teeree Towey (Kn Taui), their dark red and purple 
colour, is distinct, while higher up in the series westward towards 
lUgho the prevalence of drab color among the clays can be seen even 
at this distance. The axis of the curve runs about 65** south of west. 
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At Sirraikhw£ just above the village^ another of the many in- 

o^wCiUHnuhnu a^aomilom positioiu asnimed hj tiie 

politioii of gypmm. rocks of the district occurs, and one not easy to 
explain, unless the thick mass of gypsum which here extends beyoudjits 
usual boundary and rests clearly on the tertiary sandstones be supposed 
either to have travelled from its place down a once higher slope, or, with 
greater probability, to be a recomposed mass formed from the solution 
of the neighbouring gypseous series, after the manner, somewhat, of 
calcareous tufa. The appearance presented is figured below : — 



FiK> 48 . OjrpBo™ •bowe pvt of tho villsgo of Simlkhwo (HlmmikwhS) looking enit. 
a. Gypnuin. b. Tortimrj luidatone cUy. e. Bed clay (? the red lone). d. Ddbria. *. Oreou claja 
under gypaum, cloae to auppoaed place of fkolt. 

Close to where this occurs is the place of the B4ruk fault, and the 
red clays c, may possibly be those of the red zone, 

B&ruk fault. 

which it is hardly possible to identify in some 
situations where nummulitio limestone is absent. 

The Sirraikhwi reputed old salt quarries are situated not very 

far from this spot on the higher ground above the 

Salt locality. o o 

village, surrounded by masses of gypsum and 

gypseous ddbris. At the western exposure the salt has a surface exposure 
of about 35 feet in height, thickly covered on top by ddbris, the beds 
dipping north at and 50°, and the salt having very much the 
character of t)iat at Nurree (Nurri). Nearer the Sinaikhwd boofj there 
are three subsidences, one being a large double pot hole or crater-like 
hollow, indicating the removal of salt from below. Close by there rises 
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a conspicuous hill, much of which is made of salt having a low dip to the 
northward of east, and showing oblique lamination in such a way as to 
indicate that the deposition took place from the northward. The hill 
shows a section of nearly 200 feet in the salt, to which must be added 
the unknown quantity shown by the occurrence of the craters to have 
suffered subterranean erosion. This hill is capped by gypsum, with a 

Ojpnm r~!-ir into toward, the top. The 

nd lone. gyprampasse. by thin alternations into the nicceed- 

ing red clay aone, and resting upon this without a vestige of the nummu- 

NammoUtie limestone limestone or the lovendernslay intervening, is 

nlxent. a strong escarpment of the lower pnrplish tertiary 

sandstones, the stratification of which at the junction appears somewhat 
irregular, but not sufficiently so to warrant any assumption of unconfor- 
mity, although the basal beds sometimes contain the usual lij^estone lumps. 
These sandstones conform to the narrow anticlinal easterly ending of 
of the Sirralkhwh gypsum, their inclinationB approaching the vertical 
near the apex of the curve. Some grayish sand- 
stones forming the upper beds of the escarpment 
abound in fossil, apparently exogenous, timber, a gnarled, knotted, and 
once branching trunk which lay prostrate, weathering from the rock, 
being found to have a length of 20 feet, while slightly separated portions 
of it were traced for 40 feet further. 


Tertiary aandatones. 


The ground north of Tubbaikhwa formed of sandstones and days 
_ , immediately succeeding these, is extremely bare 

and rocky where traversed by the pass of Eohneega 
(Kohhiga) to Nurree (Nurri), a large space being occupied by a group of 
bright red clays which, with the associated sandstones, are intensely con- 
torted and crushed in the region of the Bfiruk &ult. 


These sandstones and clays form a continuation of the series of the 
Continnationof oeatral central qrncUnal of the rang|^ to the west- 

•yndinii. ward, no longsr recognisable here, for the beds 

over the axis of the narrow SirraikhwA anticlinal and along its northern 
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side are vertical^ rising like a wall, witii one Yeiy oonspioaous peak, be- 
tween this sandstone and clay ground, and the wide gypsum expansion 
of Speena (Spina) to the north (called Ispeenha on the map). 

This large exposure of the gypsum occurring within much narroWer 
Speena (Spina) gypanm Umits on either side is apparently a resultant of 
complex thrust and resistance to the contorting 
forces arriving at this place from different directions, one of the most 
powerful impulses coming apparently from the westward in the direction 
of the great synclinal curve occupying the low ground at Nurree (Nurri,) 
and perhaps influenced by special lines of weakness, which, so to speak, 
diverted the Nurree (Nurrf) fault to the north of this gypsum tract. 


The gypinm. 


The latter is enclosed on all sides, save where the gypsum continues 
Bounded by vertical ^7 Yertically bedded rocks with a. tendency 

along the northern side to inversion ; within these 
the gypsum rises covering heavily undulating ground traversed by deep 
nullahs; its want of variety and contrast to the sharply serrated adjacent 
sandstone and clay country being evidently produced by the homogeneous 
nature of the rock, the white colour of which has 
given the place its Pushtd name, though veins of 
reddish and yellow colour also occur. Most of the rock is naked, but 
there is an inclination among the water-courses to silt themselves up, 
thus forming lakes or small alluvial hollows, and where there is any soil, 
it is said to be the most productive in the country. 
A large pond or 'dund^ exists in one of these 
hollows, having no escape unless there be some subterranean exit,' and a 
fabulous reputation for the coldness of its water. In the bed of another, 
which had evidently found a way to drain itself by a stream course now 
traversing the spot, snudl dead Phnorbia like shells and the fossilized 
stems of marsh plants convd^ted into yellow carbonate of lime were 
found embedded in a stratified gray sandy clay. The latter attracted 
attention by their numbers and th#startling vesemblanoe of their cylin- 
drical forms to Belemnites. 


Lakes or 


{ ) 
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* Towards the higher parts of the gypsum ground, large, circular, nr 
elongated spaces seem to have fallen in forming 

Speena (Sjk&ul) lalt. 

deep hollows, in which a great quantity of the 
underlying roch-salt is exposed, its stratification being either horizontal, or 
gentiy undulating, and conforming tb the clays and gypsum above. At 
one place here a 15-foot band of gray and reddish dark-mottled clay 
intervened between nearly horizontal gypsum and a 50-foot exposure of 
the rock-salt below. Not far from this the gypsum contains scattered 
crystals of iron pyrites. Some of the large salt exposures here were 
estimated to have a depth of more than 200 feet ; they lie chiefly at the 
north-west side of the tract, and send a copious supply of the mineral in 
solution to the streams below, as shown by the quantity of 'shor' 
visible in their beds. 


The red zone is here chiefly visible from the colo^of its debris 
^ , around the outer limits of the gypsum : along with 

m6Q EODC. 

it at the western side of the latter a few beds of 
gray sandstone, much like those of the tertiary sandstone series, were 
observed which might have been a local development of its upper sandy 
layers, but everything about the place was so much disturbed, that these 
might even have belonged to the higher group here let in by faulting. 

On the northern side of this Speena gypsum and red clay zone the 
nummulitic limestone re-appears as a narrow, verti- 
cal band bending also round to the west and south- 
ward till suddenly cut off by a fault in the pass of Eohneega (Kohniga). 
It is much disturbed and slipped in places, one vertically bedded mass 
having been observed separated by an inclined slippage plane from like- 
wise vertically bedded tertiary sandstones on which it rested. Further 
west, on crossing it from the Speena (Spina) salt exposures to Nurree, its 
lower layers were found to be earthy, containing only obscure spiral shells 
and the main mass of the alvtMna kuid; while the uppermost layer 
oooglome- ^ ^ Umestone conglomerate, idie* pebbles 

or lumps in Wbich were mostly of limestone as 
was also the base, the latter containing 
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In the pass of Kohueega (Kohn^) at its narrow northern opening 
o « ir k the confusion of the rooks is extreme. The salt is 

Salt at paw of Eoh- ^ 

ne^: cmahing and seen above its eastern side amid a oroshed mass of 
faulting. 

the clays of red zone^ on which detached fragm^t- 
ary masses of gypsum rest. The latter on the west side of the pass has 
a thickness of 100 feel^ dipping steadily to the east of south at 60^, 
succeeded by the tertiary lower sandstones with a higher dip of 70^, in 
the same direction and some traces of the red zone between. The lime- 
stone comes from the north-eastward perfectly vertical^ but just where it 
ends is doubled partly back upon itselfj increasing its apparent thickness 
to nearly 100 feet, and in its general strike on the west side of the pass 
a small mass of the limestone is crashed in among vertical tertiary 
sandstones faulted against the Nurree (Nurrf) gypsum. Tlie vertical 
and highly tilted bedding of the latter soon gives place to more moder- 
ate dips as the beds pass gently beneath the Nurree (Nurri) synclinal. 


Northward of the Speena (Spina) gypsum tract the whole valley, 

Tertiary eandetone Rcross to the B&ndd hills, is occupied by a perfect 
basin of Sb4b Btz Ghur. quaquaversal basin in the tertiary sandstones lit- 
tle less in size and more complete than the Nurree (Nurri) feature. In 
the very centre of this a tabular mass of the sandstones edged by mural 
precipices rises considerably above the neighbouring country forming 
the picturesque site of the ruins of Shdh B6z Ohur. Within this basin 
the gray sandstones and red clays have the appearance of the middle 
rooks of the series, and in the stream course beneath the hill on which 
the ruins stand numbers of crystalline erratics from the upper conglo- 
meratic beds of the series were found, whence it may be inferred that 
these also once overspread this part of the country. 


An isolated and elevated trough of the lower tertiary sandstones, 

Tertiary loiidrtime nearly of the same size as the Speena (Spina) 
■ynolinai of Euiw. gypsum tract, occurs to the. eastward, forming the 

upper portion of the mountain, summits of which are called Muzdukkai 
Sir and Kurar Sir. 
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The eastern side of this trough is a simple synolinal, but to tbe 
west at the narrowest part of the whole range the^ onrve is overthrown 
to the south. The section. Fig. 49, is taken nearly midway between 
and shews a length of about two and a half miles. 

1. Bodk-nlt. a ajpieoiHMilM.8.Beddijio&t. ANonuniiUtioUiiMftoii^ A Twilaiy Nuditone. 
fa. Btditowudf upper pirt of fame MilM. V. Efaiik flmlt. 

The nummulitic limestone is absent or but slightly represented to 
the west of this synclinal, but to the east is largely displayed from its 
position more than from its thickness. The red day zone is seen beneath 
where not interrupted by faulting, the gypsum occurs below, and the 
rock-salt is locally largely exposed to the south, in the escarpment of 
the mountain below the summit of Kurar. 

An interesting but complicated section is exposed in the Algud 
Section in Algnd nev which crosses the range running nofUiward in a 
deep ravine between the Kurar synclinal and the 
Speena (Spina) gypsum tract. Descending this ravine from near Shai- 
dan, tertiary, red, and gray sandstones and clays are passed through, 
dipping southward at 70” or more nearly vertical. Bed clays of the 
red zone with a thickness of 150 feet underlie these, or would, if there 
was any underlie to speak of. Gypsum, nearly vertical or dipping at a 
veiy high angle to the south, 156 feet thick, and with greenish clays 
on both sides, is then passed. In the lower part of this gypsum the 
southerly dip lessens to 60^, and the beds are contorted. A few yards 
further on apparently the same mass of gypsum, curved and undulated, 
seems to increase enormously in thickness up to SOO* or 400 feet, SO feet 
of its lowest part being dark or black and bituminous calcareous shales 
Dark gjpnm and analysis No. 2, page 48). At this place sul- 
•alphuroDi apringa. phurous springs break out at tiie sides of and in the 

iOgud, the whole place smelling strongly of sulphuretted hydrogen. For 
several yards further, disturbed and partly inverted gypsum is seen, 
and then the red clay zone is entered with a local appearance of large 
thickness. Its red sandstone bands near the top are also largely 
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developed, but irregular, and a layer of these from S to 4 feet thick 
is quite black, heavy, damp-looking, and smells so strongly of pei^* 

Bitamlnoiu unditone might be found with one's eyes closed, 

in red aone. ^ bands of brownish red clay intervene abe- 

tween this and the violet clay bimd above, immediately over which the 
nummulitic limestone comes in rather strongly, with an apparent 
thickness of 60 to 75 feet, vertically bedded, but its cross sedtion,.as 
is often the case, inaccessible for measurement. 

On the basal surface of one of its lower beds groups of stars, at 
first looking like clusters of coral, were observed. On closer examin- 
ation these were found to consist of a whitish mineraT, in radiating 

prisms, some of which, on being tried by Dr. 

Mineral in limestone. — . , . , « « 

Warth, gave the red flame of strontian before the 
* blowpipe. 

Beyond the limestone to the north the . lower tertiary sandstones 
were seen to succeed it, and another rib of this limestone brought up 
by disturbance occurs among these further northward near Krunzeenai 
(Krunzfnaf). 

Ascending the left bank of the Algud, gypsum and gypseous ddbris 

Section in and above observed, hemmed in on the north by 

right bank of Algnd. ^ limestone rib, with traces of the red zone at 

its base, and on the south by the lower tertiaiy sandstones and clays, 
but above the opposite bank the distorted ^nclinal admitting the last 
named beds was seen ; the section being confused here and there by 
slippage of different portions of the rocks on the steeply sloping hill 
side. See Fig. 50, which is a diagramatic sectional representation of 
the rocks on right bonk of Algud near Lakkona and of Muzdukkai hill 
looking east. 

a OypMoai MilaB. R Bad daj ama. 4. Nommolitle limartona. i. Tarllaiy aanda t ona, Ae. 
a. Giaanlah dagr. A Patnlaam tanpiagDatad amditana. c, Ddbrla. 

Down in the ravine it is not dear how the beds are arranged, but 
from above the Speena gypsum is seen to divide into two bands, each 
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taking the opposite sides of Muzdukkai hill. From the general ar- 
rangement of the beds both of these bands Appear to have filled the 
fiiteriors of anticlinal curves^ the positions of which were altered by 
lateral pressure and their ordinary relations obscured by faults. 


Section near Niibpo. 


In the bed of a deeply cut ravine from the Kurkr mountain escap- 
ing from its northern side near Nishpo, at a place 
called Z^murree (Z^murrQ Thang (or tang), one of 
the very frequent constrietiona of the gorges as they traverse the num- 
mulitic limestone occurs, leaving, indeed, no visible passage except that 
for the water of the stream through the vertical wall of limestone. A 
precarious footing may, however, in one place be found overhanging the 
deep pool below, around which the rocks are all exposed. 

Here some beds of the limestone are most strangely placed, the 

upper layers being apparently IbtercalalM and 
Alternation of Hme- ^ J , 

■tone and lower tertiary dovetailed with the lower beds of the sandstone 


in contact after a manner that cannot be altoge- 
ther attributed to crushing or pressure, and would seem fatal to the 
idea of unconformity between the groups. Fig. 51. shews this section 
at Z’murree (Z^murri) Thung waterfall. 


a Gyptam. A Red daj sono. 4. Nanunnlitio limoetone. S. Teiilaiy sendetone. 

The band of limestone marked (r) continues up the right bank of 
the ravine, but seems to have thinned away on the left bank ; the inter- 
mediate reddish purple clays and sandstones apparently thin out to the 
east, but contain calcareous layers (a) and (d), which as well as (c) con- 
tain nummulitea, the upper band (d) being of a gnarled, lumpy, mixed, 
sandy, and limestone nature. 

The mass of the limestone at the waterfidl is locally thin and of 
the harf aheoliiM varietj, and the red clay zone 
Mioowted with gypium. ^ j gypsum come in immediately behind it. 

Over the surfiEUie of this gypsum small fragments of magnesian lime- 
stone layers evidently associated with it were observed, and* the lime- 
stone was seen again edging the southern side of the gypsum. 

( A80 ) ' 
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A 

To the north of this place in the neighbourhood of Sundd Kullu- 

Tertiary landstoneB tertiary sandstones undulate in wide 

nearSniidaEiiiiaKhdi. curves over the ground, but dip steeply to the 

south in the banks of the Teeree Towey (Tirf Taui) river. Red clays 
are largely associated with the gray sandstones towards the hills south- 
west of the above-named village, forming a large anticlinal curve in the 
direction of the axis of the Sh&h Baz Ghur liasin. Where this curve 
is crossed by the deep Xlgud from the L&kkona ravine, much irregularity 
of deposition was obi^rved at one place on a sufficient scale to have been 
mistaken in a smaller exposurejfor unconformity or overlap. Sue Fig. 52. 


Kunir Bolt locnlity. 


The Kurdr salt locality on the southern side of the hills is a very 
large exposure in the lower part of the cliff, iii 
which the faulted and apparently rugged surface 
of the salt has been so clearly pr<&ed against the sandy clays and inco- 
herent sandstones of the adjacent middle portion of the tertiary beds 
that portions of these have been left as it were inserted between the 
salt and gypsum as well as entangled along the outcrop of the salt. 

Above the gypsum the red clay zone and nummulitic limestone 
are seen in the escarpment, the top of which is 
LimeBtone outcrop. formed by lower tertiary sandstones, the num- 

mulitic bond at one spot appearing twice, separated by over 150 feet 
of the former, as if a portion of the escarpment had slipped downwards. 

The salt, of which fully 150 feet is exposed, is here exceptionally 
pure, having less traces even of intermixture with 
blue clay than usual, and the upper beds, as at Jatta 
and several of the eastern localities, contain black bituminous bands. ^ 


Salt. 


The pale, bluish-gray, micaceous sandstones, with many alternations 

Chameter of upper ^ *»*«*»* ® 

tertiuy imditoiM. appear to belong to the upper rather than the lower 

portion of the tertiary sandstone series, brought into this plaoe by a 
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* 

oontinnation of the B&rok fault. They strike pretty steadily east 20*’ 
north, and are either vertical, or dip at high angles from the hill. 


To the eastward of the Eur&r synclinal, which is here mudi more 
simple in its structure, the nummulitic limestone 
forms a large sheet conforming to the curve, but 
most exposed at its southern side lying between the two bands of 
gypsum embracing Kur&r mountain. Owing to some irregularity of 
the axis of the curve, the limestone sinks compa- 
ratively low to the north of Dund, a village which 
takes its name from a small rushy lake wfthout an outlet situated in this 
low ground. An east and west fault is believed to pass just to the 
north of this little lake separating the limestone 
from a long rib of gypsum, between which and 
this limestone tertiary sandstones, also believed to be faulj^ed, come in to 
the east. 


Limeitone. 


Ihind. 


Fault. 


In this direction also, within a couple of miles of Dund, the other 
Gypsam (southern) gypsum zone rises as the adjacent river 

fidls, till it becomes a lofty mass closely flanked 
by the sandstones, ftc., to the south, contorted, nearly vertical, or sloping 
away from it. Upon this gypsum the red clay band rests, and is suc- 
ceeded by the limestone, while in the southern face of the gypsum itself 
are one or two small exposures of the rock-salt. 


One of these is called Durvee or Durree drung, situated at the 
bottom of a deep ravine in the gypsum; but little 

Dorree lalt Ideality. 

of the salt is seen, and this shows a northerly dip. 
The gypsum above is much disturbed, and often covered with its 
own ddbris, or that of the red day zone, sometimes appearing as if en- 
dosed within it, or caught in contortions. 

In the sandstone layer of the latter band there occurs here a purple 

» VA. V A.A ^ green gravelly-looking finely concretionary 
Fiiolitic hmnatite. 

hflBmatitic bed only worth noticing as it may 
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possibly indicate the sonroe of the Wnzeeree (Waziri) iron imported 
from that wild country lying to the westward of this district. 


The overlying limestone is contorted and disturbed^ rolling over the 
hills with a preponderance of northerly dip. 

The ridge formed by this gypsum and limestone soon declines and 

Soaihem ridge dies out, range is carried on eastwards 

the range continaed by by two others from Kurdr mountain^ one of which 
two othen. 

to the north, called Zyarutti p6h£r, shortly becomes 
separated from the intervening rid^ by a considerable rugged and 
rocky central valley. This Zyarutti ridge, like 

Zyamttf ridge. 

many others of the country, is a half anticlinal, 
the other half having disappeared in a long fault at its southern base. 
At its western end the anticlinal just overturns the axis, the limestone 
being followed round by fine bold rocky outcrops of the tertiary sand- 
stones. Close to the eastward of the summit the arrangement is some- 
what disordered by a cross fault which clearly lets down a mass of the 
sandstones below the limestone level. From this to the interruption of 
the ridge at the Mittfin pass the relations are normal, the gypsum, red 
zone, nummulitic limestone and sandstones, &c., succeeding each other, 
but towards the pass the limestones come more across the axis tending 
to complete the curve, while the southern or gypseous slope is, as usual, 
smooth or overshot by ddbris, and fails to expose the rocks as they project 
on crest and northern side. 


In the gypsum area nearly beneath the summit are two small 
(reputed) rock-salt localities. This Zyarutti hill 
Salt loea tiei. commands a fine view of the neighbouring coun- 
try and the 6ufi^ Koh and other Afghan mountains rising behind the 
Affreedee (Affridi) hills. Its section, however, does not seem to present 
Foilitoou bMd.iii anytliJOg remarkable, except that towards the 
the Umestona. lower half of the nummolitic limestone, there are 

some of the white softer marljr beds abounding with the usual fossils, 
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CroBB-drainage. 


The Bcction. 


among^ which the rough OryphaaAyLB form alluded to as characteristic of 
this Trans-Indus nummulitic rock is conspicuous. * 

The Mittftn Turtullfj or (as the natiTes call it) Turrilla> pass^ is the 
bed of a deeply cut ravine^ the stream of which 

Hittan paBB. 

is formed by the collection of several others from 
the Lukkur Ohur mountains and the south side of Kur&r^ the most 
important ones uniting near Dund. The stream thus formed is one of 
the numerous examples in the country of its main 

CroBB-drainage. ... a 

drainage bearing little relation to the disposition of 
its ridges^ these latter being crossed in various places by every consider- 
able stream in the district. Following the river through the Mitt&n pass 

towards the Teeree Towey (Tiri Taui)^ the red 

The Bcction. , ^ 

clays and soft gray sandstones seen from Kurar to 

the end of the Dund ridge are found to dip at high angles to the souths 

becoming vertical just at the latter spot. The Dund limestone of the left 

bank is cut out by a fault, and behind, or immedi- 
Fault. J 9 9 

ately northwards^ lower^ purple and gray tertiary 
sandstones^ &c., are also highly inclined to the south. Crossing these for 
^ more than half a mile^ they are again suddenly 

faulted against a mass of gypsum with some traces 
of an anticlinal structure, this being the gypsum of the central ridge 
and a continuation of the northern band of Kur&r. The red clay zone 
makes no great show here on account of its softness, but is, as usual, 
present in inverted order overlying 850 feet of the nummulitic lime- 
stone, the back bone of the ridge, which likewise overlies, at angles of 
65*" and 70” to the south, a long series of steeply inclined or vertical beds 
belonging to the lower tertiary sandstone series. 

Fsiilt. 

Anotber &iilt still cats these off from the gypsum 
of the Zyanitti ridge^ on the northern side of which the limestone and 
lower tertiary sandstone lie in their proper order as diown in Fig. 63, a 
section throngh the Mitt&n pass, about three miles. 

2. OypBum 8. Red cloy mnc. 4. NommaUtiG limeBtono. 6. Tertluy aanditoiio Boiiei, lower. 6a. 

Ditto, upper., 
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To the north of Shukkurdurra (Shakkardarri) near the base of the 
ContinuBtionof BAnik central ridge which there becomes the southern 
side of the range, the continuation of the Baruk 
fault produces for some distance a very confused state of the rocks alopg 
a narrow zone. Here fragments of the seriesj chiefly of the limestone 
and gypsum, are wedged- in a most complicated manner into tertiaiy 
sandstone series without relation or order, but when of any considerable 
size from their difference of texture showing themselves distinctly among 
the adjoining be^. 

On the ridge above the gypsum is extensively seen bent into large 
Curront mark on gyp- curves recognizable by flaggy layers, which near 
the top alternate with the red clays and have 
rough, ripple, or current marked surfaces. Above the red zone comes the 
limestone, often vertical, but sometimes showing weU marked portions of 
the northern side of an anticlinal arch, or complicated slippage bringing 
it (out of place) over some of the adjacent beds. It here again contains 
the peculiar GrypkaaAike shell before mentioned, 

FomUb in limoBtono. 

and several other nummulitic forms, none of which 
have been as yet examined for determination. 


From this the descent into the Wudda Brugdai valley is over the lower 

tertiaiy sandstones, &c., which in this rocky glen are 
Wudda Bragdai valley. ^ 

much disturbed, sending faulted bands among the 

hills to the east and one compressed synclinal curve to the north-east. 

In the latter, down which drainage of the valley largely escapes, 

there are at no great height in the group apparently some greenish- 

gray soft sandstone layers containing the usual 

assemblage of fossil bones and exogenous wood. 


North Bide of vall^. 


The northern side of the valley is shut off from the Teetee (Tm) 
gorges below Kureerosum (Kunrosum) by an ex- 
tension of the Zyarutti ridge, here forming the 
northern side of the range. On the inner slopes of the hilb there ki much 
gypsum seen, succeeded by the rod zone and overlaid; by nummulitic 
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limestone distorted in places, but on the whole continuing the zyaruttf half 
anticlinal, the uppermost beds occurring on the northern side, except just 
south of the Saya (Sdya) Malgheen salt quarries 

A DucIidhI* 

(M&lgin), where both sides of the anticlinal curve 
are visible, the inner one coinciding with the northern side of the tertiary 
sandstone isynclinal at the outfall of the vall^. 

From this place to the south-eastward the whole range from side 
^ Coi^lioated repeti- to side is formed of ridges exhibiting complicated 
ions toMflt. repetitions of all the groups from the tertiary 
sandstones downwards to the gypsum, below which even the salt itself 
appears as at two places, one near Peer Ghoot (Pir Ghiit) Sir to the north, 
the other near the village of Euroree (Eurorf) to the south. 

A general view of this ground may be obtained from the narrow 
limestone crag which forms the summit of Ghozheyreen^ir (so called 
upon the map, but in the native Pushtu gutturals 

OliodicyFBoii Sfr. 

sounding as nearly as could be imitated by the 
English letters Wgh-jeer-een-a, the first syllable forming a single sound) 
See Fig. 54 shewing the section across range from Zertungf to Bhuk- 
kurdurra (Shakkardarra) plains. 

1. Rook-idt S. Oypram. 8. Bed loiie. A Nammelitlo UmeetoBe. 6. Tertiary eandatone, Ac., lower. 5 a, Ditto 

middle. F. Fkalte. 

From this peak, too, the whole of the harder rocks of the range may 
Great cross fault to be seen cut off to the east by a north north-west 
south south-east fiiult, all the different groups 
running straight at and against an exposure of gypsum between two and 
three square miles in area. To the south-east also a patch of the nummuli- 
tic limestone, likewise faulted, is seen near Nundrukki village, and the 
whole place appears to be another focus of faulting and disturbance, by the 
united agency of which the harder bands have been so placed that the 
Change in direction of range, instead of terminating as others do, is 
suddenly defieoted nearly at right angles to the 
southward, accompanied by such contortion of the beds, in large 
compressed curves, that a length of outcrop equal to eight miles is 
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forced to oooapy a space between two points only four miles apart from 
north to south of the Hiikani mountains. 


In the wide area of gypsum just mentioned^ and which is bounded 
Nnndnikkf gypnim by a thin disturbed band of nummulitic limestone 
■ra and iilt. adjacent strata, the salt locality of Nun- 

drukki is situated, the guard tower marking the spot where the largest 
exposures occur. These are all situated in great crateriform hollows 
sunk among rolling gypsum-covered hills and receiving a considerable 
quantity of the local drainage by deep ravines, the streams disappearing 
subterraneously into dark caves in the salt to find an exit no person can 
tell where. 

The salt is of the usual gray colour, and undulates with a northerly 
inclination ; it shows cliff frees of 60 feet in depth, and, from different 
levels of the exposures, may have a thickness of more than 150 feet. 

The gypsum rises into rounded and many channelled hills intersected 
by deep ravines ; much of it would appear to be recomposed on the 
surfree containing a large admixture of reddish 
ReopmpoMd gypenm. ^ earth, probably ddbris of the red zone, 

as well as fragments embedded of the nummulitic limestone enclosing 
fossils, and of the tertiary sandstones in a tender semi-ciystalline base, 
sometimes containing small bipyramidal crystals of quartz and little crys- 
talliae fragments of dolomite. Some of it is black with or without the 
usual petroleum smell of these dark portions. 


The red clay zone is best seen on the higher situations beneath the 
nummulitic band of Qund Hdkani '(the widower’s 

Rod lODO. 

peak), but in lower places, where toe gypsum rises 
above it, concealment often results both of this and, in places, of toe 
limestone band. From the northern eminences on this rolling gypsum 
ground toe contortions of the teitiaiy sandstone 

Gontortiom is Teeree 

Towej (TM ikni) series in the Teeree Towey (Tirf Tan!) tsII^ are 
''***^' Tety conspicoons, the dark purple and red lower 
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beds rising boldly over the axis of the Malgheen (M&lgm) salt quarry 
ellipsoid^ the synclinal hollow in which theTeeree"(Tirf) river flows being 
filled with smaller anticlinal arches and synclinal curves^ while so rocky 
is the ground^ that each bed might almost be counted. At a short distance 
to the eastj these smaller contortions disappear^ and the beds sweep round 
the eastern end of the wide gypsum expansion^ at the same time rising 
towards the rugged crest of the Hdkani hills. 

Between Nundrukki boorj and the summit of Sookawax (Sdkawur) 
Hokqnni (3>170+70 feet=3^240 feet) asubstra- 

Hoknnnf Monntain. . 

turn of gypsum is covered by a broken crust of 
nummulitic limestone, in some places almost appearing to be in situ, as if 
large masses of the adjacent outcrop had here settled into a horizontal posi- 
tion. The very summit of the mountain is a narrow vertically bedded east 
Sookawar Hokunni west Crag, towering above everything else in 
aammit. neighbourhood, seen from the north appearing 

as a hog-backed rise, but looking like a huge obelisk when viewed 
in the direction of its length. Around the crag, great fragments of 
limestone are piled, sometimes of the size of houses, and on its slippery 
apex there is barely room for three or four men to perch themselves. 
Looking from here, the compressed and very steeply inclined folds of 
the limestone are seen followed within by the red clay zone and pro- 
The Burronnding ooan- jections of gypsum, and outside by the lower beds 
of the tertiary sandstone series, plunging down 
below the valley of a deep sandy bedded nullah tributary to the Teeree 
Towey (TiriTaui). Beyond this nullah the long horizontally stretch- 
ing outcrops of the middle beds of the same group sweep round the 
opposite hills, slightly inclined from the spectator, all the upper part of 
these hills showing for a great thickness the peculiarly billowy, fretted, 
and mammillated surface, produced by the rapid disintegration of the 
soft glistening sands of the upper part of this great tertiary , group, ex- 
tending thence to the Indus above Mokud. 
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Towards the west. 


In the opposite direction overlooking the Shukkurdurra (Shakar- 
darr£) plain the ontorops of the tertiaiy beds a^ 
seen displayed as if drawn upon a map in bold 
open curves^ which look all the more striking as minor undulations are 
lost sight of in the distance^ the nearer beds showing conveiging 
southerly dips as far as the strongly marked mural escarpment of a 
great patch of these sandstones dn the vicinity of Hussunshood (Has- 
sanshdd) which shows a gentle inclination tr> the north from the slopes 
of the Lukkur Ghur mountains. 


Limestone 
inm 
:unnL 


beds 


Descending from Sookawar (Sdkawa^ Hokunnf to Shukkurdurra 
(Shakardarrd) in crossing the outcrop of the 
of gypsum, there were found associated with its 
upper part a S-foot band of compact gray 
limestone overlying and indeed intercalated in gray, higlily gypseous 
*8heenhoura* shales with limestone layers. The whole group, including 
the thick gray shales and some gypsum bands below, has a thickness of 
25 or 30 feet, exclusive of the main gypsum beneath, which is much 
concealed by ddbris. 


These limestones were closely looked to for fossils, but nothing could 
be found except a fragment of an oyaUt^ an imperfect cast of a small 
hivalved 9hell, and a few other shell fragments, all too indefinite to ex- 
pect that they could be determined. The limestone, however, has much 
the character of some basal beds in the nummulitic series, and also 
resembles beds found occasionally in the gypseous portion of the 
Potw&r Subfithu rocks. 


These indications of themselves are all too small to build any argu- 
ment upon, but taken together with other appearances, help to fix the 
idea that the gypsum at least, and possibly the salt as well, form part of 
an extended nummulitic succession. 

The tertiary sandstones and clays of the Shukkurdurra (Shakkar- 
darr&) plain have little to distingoidi them from 
the great bulk of this gray and red series. Thqr 
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oertainlj have not much the look of the lowest beds^ and many of the 
sandstones are sofb^ yet the preponderance of alternations of reddish or 
red clay and light gray fragile sandstones prevailing westward, near 
Kur&r mountain, is not marked here, owing perhaps to superficial con- 
cealment of all but the hardest of these soft sandstones. 

There is something in the incoherent nature of the sandy parts of 
the superficial tovering, the local flatness of the 

Qaiekwndf. 

ground, or the disposition of subsoil drainage that 
tends to produce quicksands (having doubtless an exaggerated charac- 
ter as to depth) along the mirgin of a sluggish stream which passes 
through the village of Shakkurdurra(Shakkardarr&). These are small 
circular patches in the damp ground where the hard rushy surface is 
suddenly converted into liquid sandy mud, perhaps kept moist by the 
presence of little springs. No stick could be found lop^ enough to 
sound one of these, and their dangerous softness was said to vary at 
different seasons. 

For four miles southward of Shukkurdurra (Shakkardarra) the 
harder strata project in the form of small hills, 
wSrS Sta&iISS contortions showing steep dips to the 

north and south. In this country, too, the hard 
crystalline pebbles from the newer beds of the series are strewed 
over the ground ; these increase in quantity, ascending the bed of the 
stream which passes by Hussunshood (Hassanshfid), but it is not until 
close to this place that the soft gray sandstones are found to contain 
some small pebbly strings. Further south they increase in quantity 
on the surface to the exclusion of soil or anything else, thickly eheeting 
the ground and forming, as is their usual habit, smoothly dressed gentle 
slopes. Yet even here no strong bands of conglomerate are found from 
which they might have been derived. 

Within a mile south-westward of the above-named village, a rugged 

bills nauHiif- ^ reached at a place where 'per- 

(Hunnihad). peydieolar sandstones * is marked upon the map, 
( 290 ) 
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but this description only applies to their precipitous sides^ the beds 
themselves being very thick^ soft sandstones gently dipping to the nortli, 
or more nearly horizontal. In these beds there are ogain^ but rarely, 
small conglomeratic layers with the same quartzite, sy^ite, and other 
crystalline pebbles as strew the neighbouring ground, of much smaller 
size and wholly insufficient to account for the quantity of the latter. 
Some dark gray shale bands also occur at wide intervals, and one 
peculiar orange layer of ferruginous clay is seen near the base of the 
cliffs. The sandstone is coarse, minutely specked with white atoms, 
micaceous and homogeneous, weathering 4nto fantastic crags, one of 
which is perforated so as to look exactly like an artiiicial ' chhappar * 
or shed. One peculiarity of these cliffs is that they show in places a 
steeply sloping talus, in which there would be nothing strange if it were 



Fig.fiff. Upper tcriluy sandstone cliff near HauinihSd. 
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formed of debris, but it is instead a portion of the solid rock of the 
escarpment smoothly wom^ and even at its junction with the vertical 
cliff simulating^ the arrangement of detrital materials, as seen in the 
figure (Fig. 55), of the upper tertiary sandstone cliff near Hussunshood 
(Hassanshdd). 

The rocks are here so frequently seen, that any large stratum of 
conglomerate would probably show itself, so that the numbers of smooth, 
rounded, hard boulders and pebbles about may either be supposed to 
have come from one of the thick conglomerate zones of the northern 
side of the Sheen (Shin) Ohulr range (as shown in Colonel J. T. Walker's 
section map No. 8, Northern Trans-Indus Frontier Survey) continued 
to the Lukkur Ohur, or to have remained the most indestructible parts 
of former conglomerates which had once existed over this ground. 
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ECONOMIC KESOUACES. 

The economic resources of this district are principally its enormous 
deposits of salt, which, being of great importahce, 
are treated of under a separate section appended 
herefliCter. 

Large as these salt deposits are, the quantity of gypsum in^the 
district is probably still larger, even though ap- 

O'^pBUBIa 

preciation of this be partly due to the greater 
display it makes over the ^district on the sides of, or within the hills. 
But the advantages to be derived from the use of this mineral- in agri- 
culture or the arts are apparently entirely unknown, and it is utterly 
neglected. In other countries it is mined for ; here it could be obtained 
in any quantities at day-light. On the large expansion of the gypsum, 
&c., at Speena (Spina) the crops (particularly the wheat) are said to be 
better than in any other part of the country, yet the natives seem never 
to have drawn the inference that it would be useful as a manure. 


The sulphur pits at Gunjully hills, close on the northern limits of 
this district, have been already mentioned at page 

Snlpbur. 

99. From the way the alum shales have been 
burrowed into, much of the best part of the deposit may have been 
exhausted just at that spot, but there is no reason to suppose that it has 
not some extension beneath the neighbouring debris. It is on record 
(see foot-note to page 99) that 1,000 maunds of sulphur used annuaUy 
to be won here, and it seems strange that the deposits are not now 
utilised as a source for the supply required at Lachee (Lachi) for the 
blasting powder manufactory where all the powder used in the salt 
quarries is made. 


There can be little doubt that the alum shale deposits mentioned in 
the foregoing pages would, if the manufacture was 
tried or encouraged, affoj^ alum in the same way 
as those of the Chichali pass to the south. 
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Building materiBlB. 


There are several varieties of rocks in the country which would 
afford excellent building stone. Among these the 
nummulitic limestone would probably take the first 
place, and as there is considerable variety in the texture of its beds, it 
may be supposed that ordinary requirements would readily be met. 


The harder bands of the gcay and purplish slightly calcareous sand- 
stone of the lower tertiary sandstone group are elsewhere very generally 
used as building stone, and would doubtless be found equally useful 
here. Mixed with the lighter coloured limestones they would produce 
a handsome variety of tints for ornamental * ashlar ^ work, and among 
the most thinly stratified layers serviceable fiagstoncs could probably 
be obtained. 


The limestones furnish lime, the gypsum would furnish plaster of 
Paris, the clay of various places is convertible by 

Cement matariRla. 

burning into ^ soorki,' and there are occasionally to 
be met with in the Kohat district earthy limestone layers near the base 
of the nummulitic limestone which might furnish hydraulic cement. 


Since the previous pages were written, intimation has been received 
of coal having been found on the borders of, if not 

Coal. 

within, the district under notice. 

By whom it was discovered is unknown, but its being brought to 
notice is due to a native ofiScer of Koh&t station and to Major MacLean 
of the Frontier Force. 

It appears that the native ofiioer when on leave heard of the exist- 
ence of the coal near certain cliffs situated at some distance southward 
of the village of Dand, nj>rth-w^t of Shakkardarr^. He had great 
difiSculty in finding anybody willing to show him the spot, and though, 
when he reached it, without any digging implements, he succeeded in 
extracting some baskets-fuU of the coal. 

He could give no information ae to the thickness of the seam,,and 
could only say it occurred iff a sandstone cliff. 
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The coal is described as bright^ and to all appearance good, and the 
situation indicated for it is among the upper beds of the tertiary sand- 
stone group, where thin layers of lignite and fossil- wood converted into 
coal are not unknown in other parts of the country. 

At the time the examination of the district was in progress, places 
in the vicinity of the locality where tha coal is said to have been found 
were visited, but of its existence nothing whatever was heard, probably 
for the same reasons, whatever they may have been, which made the 
people of the neighbourhood anxious to conceal it from the native 
i>fficer. 

From the position of this coal it seems unlikely to prove of much 
(if of any) economic importance. Coal or fossil-wood embedded in these 
tertiary sandstones is often bright and good enough, but totally deficient 
in quantity, yet there is no reason why a workable, though perhaps not 
extensive, coal bed should not exist among them. 

Specimens of the coal are promised for transmission to Calcutta, 
and further enquiry will be made about the matter. 

Since writing the former note further enquiry has been made, and 
Captain Cavagnari, Deputy Commissioner of Eohdt, is of opinion that 
the Ddnd or Dhand village alluded to is not the Ddnd near Shukkardarhi, 
but the village of Shin Dhand in the country of the Jawaki Afifridis, a 
place not marked upon the map, but situated probably near the Jawai 
(or ZhnwakaQ pass, crossing the eastern part of the AfPridi hills, project- 
ing into British India between the Kohdt and Peshawar districts. 

It is not quite certain whether this may be the situation of another 
coaly bed ; if coal exists there, it is probably a continuation of the car- 
bonaceous alum shale zone which occurs on the north side of the Nilab 
Oash hills, near the village of Nummul, intersected by a stream which falls 
into the Indus from the right bank below ' Ghoratatap * (the horse's leap), 
where the stream is said to be only 60 yards wide. This alnm diale is 
thought to be Jurassic, or lower nnmmulitic. 

A. Bi. W. 
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PART III. 

Ott tie BCOxoMio ASPECT of tie Tran8«Indub Salt BegiWj fy De. 
H. Wabth^ Inland Custome Department, being exitaeU frtm tie 
report submitted to Government^; witi additions hg A. B. WtnnBj 1^0.8. 
The position of the salt region and the rocks found associated 
with the salt have been already described in foregoing parts of this 
memoir^ and it has been mentioned that the salt quarried at K61fib6gh| 
although situated on this side of the Indus, from its character and geolo- 
gical associations, is to be referred to the saline deposits of the Salt 
Range, rather than to those of the Eohdt district. 

There is a wide difference in the manner of working the salt of 
the Cis and Trans-Indus deposits, the former being all obtained by under- 
ground mining, while here mere quarrying is the rule, notwithstanding 
which, the name of 'Eoh&t salt mines’ is often applied to the Trans-Indus 
salt quarries. For facility of reference the‘ following sketch will show 
the relative positions of the old and modem salt quarries or localities in 
which the salt is now worked, as well as places where it is known to 
exist. 

Fig. 6S. Dlag^ ihewing poiitioiiB of nit lonlltiei. 


I 



* TUI fieport of Dr. Wirth in ftall wni fiirwnrdad to nad printed bj order, of Qor- 
. enimsnt. Some additional historical particalan from Captain Plowden*s roemorandnm am 
added here. 
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The quarries which are now open have been worked for a very lonjj^ 
time : die Jatta quarries since 1660, and those "at Malgheen (M&lgin) 
from time immemorial, while those at Bah&dur Khdl are said to have 
been originated twelve centuries ago. 

The following historical details are taken from Captain Plowden^s 
memorandum (of 1872) already noticed : — 

Jatta is said to have been so called because it was first colonised 
by Jats, but it is now inhabited by Ehattaks. When Khushal Khan, the 
warrior-poet, Khan of Teeree (TfrQ, the bravest and most learned of his 
line, came to Teeree (TirQ from Akora (about A. D. 1650), the salt was 
first quarried and sold for seven bulluck-loads per rupee to Bangashes 
and Affridfs, and twelve loads to Khattaks. 

" Maglheen (Mdlgin) is so called from the Pushtu word malga, or 
salt ; from time immemorisd its quarries have been resorteft^to, but Shih 
B6z Khan, Khan of Teeree (Tiri), A. D. 1780, was the first to make it a 
source of income. The Khans of Teeree (Tiri) and the villagers of 
Malgheen (Malgin), Dur Tappee (Dur Tappf), Dorshand, and Kuree- 
roBum (Kurirosum) have ancient proprietary rights therein. 

Nurree (or Nari) is said to be so called after one Narrai, who first 
settled here. He was succeeded by the Khoji Kh61 section of the land 
clan of Khattaks. They roofed their houses with branches of the Pul- 
losa (Phfilahi?) tree (Acacia modcsia) ; hence their village is also called 
PuUos (Punnose ? on map) . Its salt hills were first generally resorted to 
in the time of Sh&h Zaman Sh&h, Saddozai of Afghanistan (Circa 1800 
A. D.) The Khuji Khdls are the proprietors of the soil and reside in the 
villages of Pullos, Tabbi, and Khurram. 

» Kurruk, so called from the large amount of cultivated land 
(Pushtfi karal, to cultivate) in the vicinity. It was first colonised in the 
time of the emperor Aurungzdb, but its salt hills were not quarried and 
'resorted to by traders till about 1800 A. D. in the time of Shih Zaman 
Sh&h, Saddozai of Afghfinistin. The lords of the soil are the villagers of 
Kurruk and Tappi, in shares of }rd and §rd, respectively. 
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Bah&dur Kh^l^ the land of the Karram clan of the Khattaks> 
now located north of the Teeree Towey Tauf) extended from t^e 
immemorial to the present Wazlri frontier. Some twelve centuries ago, 
according to local tradition, one Daresh, whose mother was a native of 
Kurnim, came from Tank in the Derajiit to visit her. There were then 
four heads of families in the Kurrum clan. Daresh was admitted as a fifth 
and was awarded the waste lands on the immediate frontier. One Bahfi* 
dur next came from Jordaud in the Kurruk (Khattak; country and set- 
tled with Daresh, who gave him half the lands. The Daresh Kh^l and 
Bahfidur Khdl, their descendants, are now lords of the soil within the 
limits of which the salt mines are situated, and divide equally among 
themselves the seigniorage allowed by Government. The Daresh Khdl 
commenced trading in salt, it is asserted, immediately after their first set- 
tlement (about 600 A. D.) 

The Khan of Teeree (Tfrf) has an agent here to watch his interests 
as he enjoys 10 per cent, of the gross collections, and also to give assist* 
ance to the salt and the district police generally. 

The very low rate of duty now obtaining at this mine was origin- 
ally fixed for a variety of reasons, — ^first, because it was difficult of mili- 
tary approach from Biinnu owing to the Soordag (Sdrdfig) pass which 
leads to it being a difficult one to force in case of resistance from its 
warlike Khattak inhabitants and their Waziri neighbours. Its salt had, 
moreover, from time immemorial sold at a low rate because of the dis- 
tance and difficult routes traversed by its frequenters (Woziris, Ohilzais, 
Turls, Mattanl and Khaijun sections, Khattaks of Durra, Upper Ban- 
gashes and Banniichis), and came at length to be considered the perqui- 
site of the Wazirfs and other western tribes, for, notwithstanding its 
dieapness, the habituds of the neighbouring mine of Nurree (NarQ 
nevei^resorted to it before our rule, nor do they now. For these reasons, 
and because his doing so would in no way affect the trade either for 
good or evil, MigorBeynell Taylor fixed the low rate (now obtaining) at 
this mine. It would, he remarked, keefP things as they had ever been, 
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and prevent^ until a fort should be built at Bah&dur Kh^l^ a coalition, 
as in February 1850, of Waziris and men of BaMdur Khfl and Daresh 
Khel against Government. Again, the BahUur Khdls were at that 
time and for some few years after in but nominal subjection to their chief, 
Ehwaja Mohamed Khan, whilst their village held the approach to the 
mine.^^ Captain Plowden notes. 'Captain Cokes' writing in March 1853, 
that this village was formerly noted throughout the whole district as the 
refuge of all thieves and murderers in the vicinity and the most yagi 
(lawless and independent) village in the country, not having for years 
paid any revenue, but he adds that the presence of a fort had made the 
people as well conducted as those of any part of the Koh&t district, and 
converted them into regular revenue-payers. A carriage road' [? Gun 
Carriage] now 'runs through the Soordag (Siird^) pass, and. the Wazi- 
ris have imbibed a wholesome respect for a Government jfhich has been 
stable and powerful for over twenty years, and have settled down into 
submissive subjects and peaceable neighbours, whilst a fort has been built 
at Bah&dur Khel, and is held by detachments of Native Infantry and 
Cavalry." 

Method of quarrying ,— are two methods applied in working 
the Trans-Indus quarries. At Jatta, Malgheen (M&lgfn), and Nurree 
(Narrf) gunpowder is used, and the salt is given to the merchants in 
irregularly shaped pieces, whilst at Eurruk and Bahddur Khdl it is ob- 
tained in slabs, detached from the rock by pick-aze and wedge without 
the use of powder. These slabs are called ' tubbis' or chukkis,' generally 
the former. 

The tools used by the miners or quarrymen are, a pick sledge called 
' koowari 12 to 20 seers in weight, a smaller pick, ' sootdk/ a crow or 
jumper, called 'jabber,' a needle for the blasting bore, 'sA', a spoon to 
dear the borehole, ' kurrundi/ and a hand barrow called ' bangai/ ^ 

The method of catting the salt by fresh water is not in practice 
anywhere in these quarries; possibly it might be adopted in some places, 
bat would require engineexing%)ntrivance« 
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VaulUthaped quarries . — Where guopowder is used^ the quarries are 
usually- worked in the shape of a vaults sloping downwards at an angle of 
about 60^. The vaulted diape of the cutting in the salt-rook and over- 
lying bank of ddbris is to give some security against &lling in, and the 
sloping position is chosen to ^ve stabiliiy to the debris and waste salt 
which had been filled into the empty space^ created by the preceding excava- 
tion. The quanymen cannot afford to remove a large quantity of the over- 
lying debris at a time^ and thus lay bare a large surface of the rock-salt 
upon which to work> and having to work successively, th^ just take as 
much debris away as will enable them to go on with the salt excavation 
for the time being. When they have excavated deep enough to make 
the removal of the salt difficult, they start afresh from above, commen- 
cing by throwing the overlying d^ris down into the hollow which they 
have left. By the time this hollow is filled, a certain surface area of 
rock-salt is again laid bare, having the shape of a ring segment from 4 
to 20 feet broad, extending round the margin of the former vault. The 
area being ready, the excavation of the rock-salt is again taken up. 
A cutting is first made along the new inner bodndary by means of the 
pick-axe, and then blasting is commenced. A blast takes off about 20 
or 25 maundfif of salt, and as the blasting proceeds, the cutting is carried 
ahead along the inner wall so as to form a fresh vault gradually as the 
old vault disappears ; the face of the debris which had been filled in is 
laid bare, but remains standing, owing to its sloping surface, down which 
the road leading to the bottom of the quariy is carried. Had the exca- 
vation been worked down vertically and the debris been thrown into the 
previously excavated space when the salt was removed by the new work- 
ing, earth-falls would occur from the face of the d^ris. 

To this type of quarry, the general features of all, more or less, 
approach. Where the ' heading^ is more than average, we even find real 
mines on a small scale, though never without daylight, whilst with 
exceptionally little debris the quarrira arc more open with a larger work- 
ing surface. 
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Tke excavatifm of oalt without blasting powder,^^kt Kumik and 
Bahidur EbS the rock-salt is excavated without the use of blasting 
powder^ the preference g^ven by the traders to the old form of slabs, 
(called tubbu)^ got by pick and wedge, seems to have prevented the 
introduction of gunpowder at the above-mentioned quarries. The slabs 
are all of an equal weight, (IJmaund Sikh weight), thus saving , the 
necessity to weigh the salt, ipere counting being required, besides 
some check to prevent the tubbis from being made too large. 

The tubbis are flat, square slabs of 13 inches breadth and 4 inches 
thickness, their formation being aided by the stratification of the 
salt. The men ingeniously arrange their working places so that all the 
slabs are broken off in the line or plane of stratification, the space 
worked upon being from 10 to 20 feet in length and of an equal breadth 
measured down the slope of the bedding. ^ 

The most convenient localities seem to be those where the stratifica- 
tion of the salt dips at an angle of 45^. The working surface being pre- 
pared, the men begin by making channels with their short-handled picks of 
hammer-like form, so as* to cause the isolation of a number of squares 
over the surface, separated by channels 3 inches wide and 4 inches deep, 
the latter equal to the thickness of the slabs. The pick-axes have heads 
of 3 seers in weight and cut remarkably well, or else the salt must be 
comparatively soft. I certainly would not have expected such quick 
cutting if tried at one of the Cis-Indus mines. From the mode of 
working, the channels get narrower as they penetrate, whence the slabs 
have sloping or bevelled edges. It is at the pleasure of the workman 
to finish the channels over the surface and thus have all the slabs ready 
for breaking off, or else to get one slab after another ready for 

* It is oorioui to obseiYe the predilection tbat seems to have obtained from remote 
times for suit in the form of blocks having some prescribed form. Here it is cut into tubbis. 
At the salt mines of Abyssinia, we read that blocka of it pass for money, and that at Tondem 
in the Sahara it is carried ft-om the mines in a form resembling tubbis also, whUe even at the 
Wielicska mines in Poland, barrel-shaped blocks arc prepared for transport. Lumps or 
blodcs of salt are said to be preferi^ by the Afghan herdsmen, who take the salt from 
Bahkdur Khdlfor thdr cattle to licl^A. B. W. 
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Beparating. The breaking off is very easy : a smallj roandi pointed 
iron is used as a wedge and driven in at the base of the slab by the' aid 
of one of the hard boulders to be found in many parts of the country ; 
the slab breaks off after a few strokes. By advancing the upper lirows 
of slabs more quicklyj the men can obtain convenient steps for thorn- 
selves to stand upon and to move up and down to and from the working 
places. A tubbf seldom breaks, aud*from long practice* their size and 
weight becomes very uniform. If there is no connivance with the mer- 
chants, it is not the workmen's interest to make the ' tubbfs too large, for 
the larger the size, the more labour they cost. 

In Captain Plowden^s manuscript, the time required for excavation 
of the tubbis is given thus (from Mr. Came)— An isolated tubbf is got 
out in 25 minutes, a second one alongside it in 17 minutes, by one man, 
but it is not said how many sides were cut in each case. It was said at 
the quarries that a man can get out 16 or 20 tubbis in a day, and from 
the method pursued, it follows that the labour of cutting out a single 
tubbi is twice as great as that required for cutting one among a lot.^ 

Desguiftion of the five working .qu aeries. 

Jaita quarrieB suppling the depot of lematl AM.— The quarries and 
salt outcrops of Jatta may be said to extend over a space half a mile 
long and a quarter of a mile broad. They belong to on inlier stretching 
east and west, enclosed on three sides by limestone ridges and opening 
on the fourth or eastern side to the valley of the Ismafl Khdl river which 
crosses the inlier. The highest hill is to the south. The distance of the 
Jatta quarries from the dep6t at Ismail Khdl to the north-west is three 
miles, and the road is extremely bad ; that village, however, is only half 
a mile from the B&nnu and Koh&t road, which, being a good one, is of 

• In the Cu-Indoi a limUar meUiodv thongh not exactly the aame^ waa in 
vogue before the introduction of bleating (shortly before or after 1800 ). Channela were ent 
into the Suse of the aalt-rock ao aa to expoae a rectangnlar block of aeteral mannda in 
weight with one aide adhering. Along tbia aide two or three hidea were made, into which 
. sfbre forced heaiy pdi-ueB called * Aonroa,’ which g^cived heavy blows nuiU the whole 
block broke off. 
b2' 

« 
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immeDse benefit to the traffic. It ie to be regretted that a good road has 
not been made from this to the quarries. 

At the time of my visit (January 1874) there were nine different 
quarries at work^ and at six more places the salt was exposed ; all the 
quarries were situated at the interior dopes of the enclosing ridges. The 
number of quarrymen was 100^ and each had on an average 90 square 
feet of horizontal rock-salt surface to work upon. The amount of 
ddbris overlying the salt is in several places very great. It may be 
fairly said that the amount of salt excavated in each quarry is on an 
average not equal to twice ^e amount of ddbris which had to be removed. 
Six of the quarries at work were of the kind described as vault-shaped. 
There was one very large quarry measuring 150 feet along the floor^ 
and exposing a salt wall of 60 feet in height, with from 20 to 50 feet 
of ddbris over it. 

This wall was concave, almost semicircular, but only slightly over- 
hanging, BO that the iSbm was kept with difficulty from falling down. 
On a second visit after a fall of rain and snow, I found much water accu- 
mulated in this quarry which had to be baled out ; the quarry is situated 
at the south-western side of the valley. The other five quarries of the 
BftTnft kind were of various dimensions, from 25 to 125 feet in length, 
and from 10 to 40 feet in depth. The three remaining quarries differed 
from the usual form. 

The working surface of one consisted of a succession of steps along 
the base of a vertical salt wall 100 feet in length and 50 feet high. For 
half the length the quany was temporarily closed by a great down-fall 
of debris from above. 

A less significant place near it had a working surface of 20 feet by 
10 feet. 

The last quarry was of rectangular shape, forming a pit of 50 fiset 
length, SO feet breadth, and 15 feet depth in the salt. To expose this 
large surface of rock-salt a. heap of dlbria 80 feet high had been 

removed. 

( 806 ) 



BOONOHIC ASPECT OF SALI^KEGION. 


203 


A salt outcrop over one of the quarries shows the salt stratum 
to have at that point a thickness of 100 feet^ but as the bottom of tihe 
salt has not been reached^ its total thickness may be much greater. 
There is some stratification seen in the upper part of the salt/ but below 
in the quarriesj it is^ as a rule^ compact^ without any trace of stratification^ 
though this would probably be difficult to perceive from the purity of 
the salt and quantity of marks of the pick. At one place there are 
apparent interstratifications of soft sand and clay^ but these were also 
found filling cracks extending to the surface from which they could be 
filled. The apparently anticlinal arrangement of the salt here would 
lead to the supposition that where the quarries are^ it is nearly horizontal. 
This Jatta locality forms an exception to most of the others in the 
absence of springs. 

Malgheen (M&lgin) The salt quarries here are situated in a range 
of hills at a distance of fully four miles southward from M&lgin^ and on 
the left side of the Teeree Towey (Tin Tam) river. The northern side 
of the range is occupied by an almost vertical ridge of limestone and 
sandstones; below the limestone comes red clay, and under this the 
gypsum and salt g^oup stretches from east to west, with the river on the 
south. The total length of the ground over which the salt outcrops 
occur is three miles. At the eastern end opposite to the village of 
Zertungi are the old Zaino quarries, and at the western end above the 
village of Saya (Sdya) are the quarries of Malgheen (Mdlg^) from 
which salt is raised, those of Zaino being closed. 

These Malgheen (Mdlgiu) salt quarries are more difficult as regards 
supply than those of the other depfits ; the space th^ occupy is nqt 
more than half a mile long and a quarter of a mile broad, the average 
height above the bed of the river being from 300 to 400 feet. The 
number of old quarries is so great, that with difficulty places are to be 
found where^ within reasonable depth, remaining patches of rock-salt 6ui 
be dug out. The salt in these quarries,- except near the top, showed 
little or no signs of stratification, but at. an outcrop east of tbe working 
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quarries almosli horizontal lines of stratification were observed^ and a 
thick regular band of gypsum parallel to the salt rested upon it. From 
this and the general appearance^ the salt about the quarries may be 
considered .either horizontal or slightly inclined to the north. The 
amount of d^ris about the quarries is very greats and the whole ground 
seems already so worked over that no continuous supply of salt can be 
expected from any of the openings. 

In January 1874 there were thirteen different places of excavation at 
work. Of these eight agreed in construction with the vault-shaped 
form of quarry which is specially adapted to a place where such a great 
mass of d(%ri8 exists. Two of these vault-shaped quarries had just 
been started afresh from the top^ the space within the former vault had 
just been filled with d^risj and more of this was being removed to clear 
the necessary surface of rock-salt. The other vaulted^ quarries had 
working surfaces from 20 to 50 feet in length and from 4 to 10 feet in 
width. In one of the quarries earth and ddbris not only limited the salt 
wall on both sidesj but appeared also behind^so that evidently the last re- 
maining piece of salt within reach was being worked out. The wall 
leading to the salt through the surface ddbris was in a most dangerous 
state and ready to &11 in. 

The largest of the vault-shaped quarries measured 60 feet long at 
the base and 10 feet broad ; it was connected with some caves^ the re- 
mains of other excavations. A road led through these caves by which 
bullocks brought up the salt from the working ; the salt wall in ritu 
was about 60 feet high^ whilst the heading readied at one side up to 
100 feet above the bottom of the quarry. Notwithstanding the large ex- 
posure of the salt^ no distinct stratification could be noticed^ and large 
cracks were seen in it filled with clay or ddbris. A man had been killed 
here by the fall of an overhanging bank of the latter a few days before 
our visit. 

Another of these vault-shaped excavations had all the appearance 
of a mine; it had been carried out at an angle of 45^ into the hill side for 
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40 feet; and the detritus rose 40 feet also above its mouth. This was 
situated east of the excavations previously mentioned. Besides these apd 
workings which followed the standard method; there were places worked in 
a different way; and exhibiting still more difficulty in obtaining the salt. 

At one of these the men had found only two small pieces or veins 
of salt; one 6 and the other 12 feet thick ; both were extensively en- 
veloped in d^ris; they appeared at the bottom of a well 40 feet doep; 
which was liable at any time to fall in upon the workmen. At another 
place a single man was working in a roost dangerous hollow at the base of 
which mere blocks of salt were embedded in the debris. Another exca- 
vation was worked so as to leave rather a convex wall of salt. This 
unusual shape was owing to the peculiar outline of the ddbris towering 
above. 

Further at the bottom of a great crater-fhaped hollow in the 
d^ris of at least 80 feet in depth there was a regular tunnel driven into 
the salt. It had two entrances, and was about 50 feet long and 10 feet 
by 10 feet wide. The men worked without lights; although it was almost 
perfectly dark in some parts of the tunnel. However their workings 
resemble real mines they evidently object to work with lights. 

The mostr perfect mine was seen on the south slope of the hill 
towards the Teeree (Tiri) river ; its mouth was 10 by 20 feet; and it went 
for about 50 feet into the hill. Its height and width within were from 
20 to 25 feet. There was very littfe salt to be seen; the ddbris appeared 
almost everywhere; and the place was dangerous enough; yet not more 
so than others. 

How deep the still unworked portion of the salt extends here is a 
mere matter of speculation. I have no doubt it extends a good depth 
further than can be seen, and the bottom has not been reached in any 
of the workings. 

Thus it appears that; under the present qrstem; the thickness of the 
whole salt deposit is gradually diminishing through excavation of the 
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upper stratEj whilst the mass of debris overlying the whole surface is 
becomiug thicker and thicker at the same Ate 'from the addition of 
waste salt* Instead of the overlying * heading* being once for all removed 
to a distance, it is lifted and shifted over and over again in the course of 
many years. ^ 

That these Malgheen (Malgin) quarries are in difficulty as regards 
the salt supply is further evident from the small amount of working 
surface. An approximate estimation of this in each of the thirteen 
quarries or mines above enumerated gave a total working surface of 
8,000 square feet only. The number of workmen was 100, so that each 
had only on an average 30 square feet to work upon, whilst at the Jatta 
quarries there were 90 square feet for each man. 

The annual production of the Malgheen (M£lg{n) quarries is about 
the same as of those at Jatta, or in round numbers one Jakh of Sikh 
maunds. 

Nurree (NariJ.^Tht Nurri depdt is, like Kurruk, a second rate 
one, only intended as a kind of reserve for Jatta, where the necessary 
supply of salt could not well be obtained all the year round. During the 
time of our visit the trade at Nurree (Nari) was veiy slack. 

The quarries are situated on the northern slope of the hills south of 
the village of the same name ; the distance between the quarries and the 
depdt is only a mile. 

The salt outcrops extend over a length of two miles, but in order to 
facilitate the guarding, the quarrying has been confined within a space of 
half a mile long and several hundred yards broad ; there are several large 
crater-like hollows of more than 100 feet in depth, the sides of which 
exhibit the salt in many places. Here and there the men had cleared off 
the debris and begun blasting: most of the working spaces being 20 
feet broad or less. There was very little salt accumulated, and very little 
recent work done. The few quarries were all open, the amount of dAris 
not being considerable, and the salt surface was more than was required. 
The most troublesome part of the work was left to the merchants : they 
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had to bring their cattle over the most diffioalt pathways on and along 
the sides of the deep crater-like hollows to reach the quarries, whence 
they had to remove the salt and bring it down to the dep6t at Nurree 
(NarQ. 

The whole thickness of the salt seam, as far as was actually visiUe, 
appeared to be about 200 feet, and over the whole of this thickness there 
was scarcely any salt seen that would not ha?e been saleable, the salt 
here being generally considered of first-rate quality. The place lying 
high, there are no springs apparent in the salt. 

This, like Nurree, is only a salt dep6t of minor import- 
ance, serving to supplement Bahfidur Khdl. As already stated, the 
salt is excavated in the form of slabs or * tuhhU^ and d^ris has in some 
places to be removed in order to approach the salt, the inclination of the 
stratification, too, generally sloping into the face of the hills at angles 
up to 40"^ and 45** considerable excavation has to be made to expose 
places favourable for the tubbi system of working on the upper surfaces 
of the beds. 

The outcrops are traceable for some hundreds of yards along the 
indented and eroded outcrop of the gypseous series. The mineral is 
more pure than the average at Bah&dur Khdl, and is said to be heavier ; 
it contains numerous blotches of transparent salt (Bhuhi %%muk). The 
exposures vary from 20 to 40 feet in height, and some of the quarries 
are worked into the salt below the local level of the ground. 

The extent of the quarry ground may be from one-quarter to one- 
half of a mile in length, and a few hundred yards in width, with a deep 
heading of gypseous and clay debris over nearly the whole of the ground. 
Springs of water occur in some of the workings situated at low levels, 
and large pits in the salt or open quarries had become half fflled with 
dear saturated brine. The trade at the place did not seem very brisk, 
though apparently larger than at Nurree (Nari). The distance from the 
salt depAt at the village of Kurruk is less than a mile, most of the road 
lying over the sandy bed of a river which has to be crossed. 
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Bahddnr The quarries of Bah&dur Ehfl are situated in 

the richest outcrops of the whole Trans-Indus region^ these exceeding by 
far any of the outcrops in the Cis-Indus Salt Bange. These outcrops 
extend over fully four miles in length, with abreadth of from a quarter to 
half a mile, between two ridges, running from east to west. In the 
eastern half of this tract the salt shows in a great number of out- 
cropping exposures, while the western half is almost entirely of naked 
salt ; patches of gypsum or earth to conceal it being rare. The road 
leads over salt, and the brook of saturated brine which drains the valley 
flows westerly over pure salt-rock, part of the salt surface being cut 
down by the water to the level of this stream. The salt which has 
retained its higher level forms embankments on either side of the valley, 
or rises in hills within it. Two of these are remarkable for their size, 
being about 200 feet high, and standing near each other in^he middle of 
the basin (see Frontispiece). The strongest dip of the salt is to the north ; 
but there are indications of an anticlinal structure. Where the salt is 
most exposed, it has a breadth of over 1,500 feet, with an angle of incli- 
nation that gives a thickness of at least a thousand feet, and as this 
only includes what is visible, the actual thickness them may be much 
greater. 

The larger portion of the salt consists of pure workable strata, a 
small part only being unfit for excavation. I measured on the western 
of the two large salt hills mentioned a continuous aeries of workings 
through 140 feet of salt strata. Besides this there were many other 
workings in the same line of section, as well as in other parts of the valley, 
near where it is crossed by the Eohfit andtBinnd road, this having appar- 
ently derided the choice of locality. The salt, considered unfit for working, 
was that mixed with a larger proportion of the same bluish day which, 
more or less, pervades almost all the salt layers of this localily. The 
clay is quite harmless, and it is only the larger quantity of it occasion- 
ally locally present which hindered the excavation of certain of the 
strata where purer layers were to be found close at hand ; no other ad- 
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mixture with the salt was noticed. The taste of the salt in every whtfe 
the samej and no traces of foreign salts could be found. 

The salt is obtained in the form of ' tubbis' previously described ; 
the quarries have accordingly all to be chosen^ so that the working bur- 
face is parallel to the plane of stratification. 

The number of the quarries at work must be at least 30 (60 accord- 
ding to Mr. Came : Captain Plowden's Memo.)^ and there are a great 
many more abandoned^ most of which are filled with brine from springs 
which are said to be unusually numerous in this salt. 

The number of quarrymen is said to be about the same as at Jatta 
and Malgheen (Mfilgin)^ namely lOOj but there should be more to 
produce the same outturn, because the tubbi system requires more labour 
than blasting, but, on the other hand, much labour is saved by the absence 
of ddbris, which is so troublesome at other localities. 

The main rood from Bhnnii to Koh&t (following a newer course 
than the one indicated upon the map) passes through the quarries, and 
by a capacious tunnel 500 feet in length issues from the valley, pass- 
ing beneath the ridge which closes in the quarries to the north. Not 
far from the opening of the tunnel in that direction is the Mundi or 
dep6t, with the Serai for the merchants and the salt establishment, about 
one mile from the quarries. Two miles further are the fort and town of 
Bah4dur Khdl. 

17. Eweavatiou fees,— The rates for excavation fees are as follows 

At Jatta and Malgheen (Malgin) ahqnt 1 Be. for 24 Sikh mannds,* or | anna permannd. 

tt Nam w >f 1 f» 82 4 » 

„ Knrmk and Bahadur EhM „ 1 „ 16 „ 1 „ 

A maund if equal to two tnbhia. 


• The Sikh mannd is aaid to be equal to 1 mannd 12 
for the conrenienoe of non-reeidente of India, may be atated 
tain 40 aeerf. 

C2 


Britiah. The Britidi mannd, 
aa equal to SO Iba., and to oon- 
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The salt is slightly dearer at the last two places on account of the 
method of extractioDj Und at Nurree (Narrf) it is dieaper than at any of 
the other quarries, owing to the readiness with which the salt can be' 
extracted. 

The trader has to pay for one maund of salt in the shape of tubbis 
one anna, in irregular pieces at Nurree (NarrQ half an anna, and at Jatta 
and Malgheen (Milgin) two-thirds of an anna ; the average fee for the 
excavation of the salt is thus between half an anna and an anna per 
maund. This excavation fee is quite distinct from the price which 
Government takes for the salt. 


of the oali at the five working places^ exclueive of the excavation 
This is fixed as follows : — 


At Iimafl Khd the price of one Sfkh meniid is 
„ Malgheen (Malgin) ... 
u Nurree (Nazri) 

„ Snrmk ... 

.• BahadnrEhdl 


Dl^. P. 
...0 4 0 
...0 4 0 
...040 
...0 8 0 
...0 8 0 


2f. N.— EAhiilf ropees are taken at the rate of 12i annas to the mpee^ 5 of the former 
bring approiimately equal to 4 British rupees. 

At the two latter depdts only a few of the ' tubbis' are weighed to 
check their size, each, when properly cut, weighing 20 seers (Sikh), the 
rest are merely counted as so many half maunds. No sale of less than 
half a maund takes place, and where irregular pieces of salt are sold, each 
sale must be a multiple of 5 seers, or ith maund. 


Ooetof traneport of salt per siaitad.— The cost of transporting one 
maund of salt varies from one* anna, for eight miles to one aima for 
sixteen miles distance, according to the quality of the road. The exca- 
vation costing on an average less than one anna per maund, the 
expense of excavating one maund would be equivalent to the transport 
of the same weight over a distance of from six to eleven miles. 
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20. There are five depdts for the sale of the salt taken 

from quarries^ not always in the immediate neighlioarhood^ thus— 


1. Ifmafl Kh41, 
a. Ma]gh6en(BfalgiD) 
8. Nnrree (Narri) 

4. Knmik 
fi. Babadnr Kh^l 


■applied by tbe Jatta quarriei. 

„ „ Saya (Seya) „ 

„ „ Kurtee, (Narrf) „ 

„ „ Kvrnk 

„ „ Bahador EhSl 


j 


Bevenve, 


Statement of tie ealt receipts and expenditure during tie fifteen gears, 
1857 to 1872^ and during tie one gear 1871*72. 



1867-72. 

1871-72. 


Bi. 

Be. 

Collection ••• 

12»48.961 

78,027 

Malkhone and contingencies 

1,40.676 

10,164 

Coat of eBtabliibment 

... 2,64^927 

17,466 

Nett profit 

8.44^869 

60.408 


The average nett profit during the fifteen years was Rs. 56^290. 

In the last financial year 1871-72^ the net profit was below the 
general ayerage, i. e., Rs. 50^408 only. 


* Description of some old mines and outcrops. 

1. Sireemegla (Sirimela).— One mile from this village on the 
northern slopes of the hills between it and Weejosum (Wijiisam) salt 
exposures were shown to us in two places near each other. One was 
purposely concealed by brushwood, the other was higher up near the 
escarpment of a gypsum hill, and from it I was able to break off a sample. 
The salt was of good quality; it appeared as if excavation had taken 
place here, but this was negatived by the native inhabitants of the place. 
Salt may be supposed to extend for half a mile here in the direction of the 
range, and with a width of SOO yards. The higher exposure is about 
200 feet above the stream over the right bank of which it occurs, and 
the locality does not appear very favourably situated. The height above 
the valley not being great (and there appears to be a large mass of ddbris,) 
the dip of the salt could not be discovered. 
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2. Lachee (L&chi).— Close to the west of the village of Ladiee 
(Lichi) on the Koh&t and Bahddnr Ehfl road^ quarries in salt have 
been worked in former times, but have long been closed (from the state- 
ments of old people of the village probably about the year 1880 A. D.) 
From their occurring so near the road, these quarries are of some interest, 
and because they are nearer to Eohit than any of the others. They 
occur close to the foot of a limestone-covered hiU, and over a rising 
ground covered by gypsum, hollows in which indicate the sites of the 
old quarries. In the valley of a small stream crossing this gypsum a 
weak brine spring issues. The hollows mentioned are very deep, yet no 
salt crops out in them. Concerning this locality the following informa- 
tion was collected 

An old miner of Lachee (Lichi) village, stating his age at 71 years 
in January 1874>, said, the salt quarries were worked in the«tlife-time of 
his father, and that he also had cut salt in them. 

The salt was sold at the Affreedee (Affridi) pass to Peshdwur for Bs. 2 
per maund, but was not carried across by the Irichi people to Peshdwur, 
they being afraid of the tribes in the pass. 

The quarries were covered with a heading of day, gypsum and 
dd)ris higher than the two-storied bungalow of Lachee (Lfichi) fort, 
even SO guz (? cubits). 

The quarry he worked in was about the size of a room in Lachee 
(L&chi) bungalow, and the salt was about as high as a man's stature all 
round. A spring filled the lower part of this quarry, but there was still 
salt below. 

The water did not burst up in every place, and he thought it might 
be led to the river (that is, that it was higher than the stream to the 
south). 

The salt was good in every way like that at Jatta. 

The quarries were closed about forty years ; they had been worked for 
forty years previously, and were abandoned on account of their depth and 
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the diflScalty of managing the thick heading of ddbris.— From notes 
made as the man spoke. — A.B.W. 

As the site of the quarries is scarcely 100 feet above the levd of 
the plain to the souths the surface of the salt may be but little hi^er 
than the latter, and deeper excavation would require special precautions 
against the influx of water. Whatever form an excavation here might 
take either by quarrying or a low level tunnel, it is certain that salt 
could be obtained here if desirable. The quarries which may have been 
considered exhausted as far as the art of the local workmen was con- 
cerned would not be so with superior means at command. 

The space underneath which salt may be presumed to occur is 
about 200 yards broad and 500 yards long. It need not, however, be 
confined to this area, but may continue westwards beneath the gypsum 
in a position better suited for mining. 

8. SdMrhigher^ old mine or exposure^k mountain stream high 
upon the hills north of the Teeree (IM) valley works through red clay 
into a rib of gypsum, where it has an underground course for many 
yards, and being dry when visited, one was able to enter the mouth of 
the cave whence the stream issued. A salt surface of several yards 
was seen forming the left side of the cave chiefly, and traceable inwards 
as far as the mud allowed one to walk and as far as day light enabled 
it to be seen, i. s., for 52 feet. The salt was of the usual character, 
dark in colour and part of it seemed Co contain some gray clay. The 
place being high, a mine might probably be worked here, but the glen is ' 
very steep and, narrow, and, as usual, approach over the belt of nummulitic 
limestone by the stream course is difficult and precipitous. The sidt 
shows some lines of oblique lamination, dipping west at low angles.— 
A. B. W. 

4. SAdidrany.— On the west side of this mountain at the head of 
a long valley issuing at Murdan Khdl a concealed salt outcrop occurs 
among red clay and fallen gypsum. The quarries here were open when 
Mr. Carne wrote, but inconsiderable.— A. B. W. 
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5. J%rtianu8hpa.—T!!biB is one of a group of old mines, and small 
exposures called by the' general name Manzulli;lt is a traditionaiy 
locality under fallen masses of gypsum ; only some saline tMr or eflSlores- 
cence is seen.— A. B. W. 

6. Thdr-dfung, — A little salt is seen here under a steep declivity, 
almost a cliff of gypsum, 150 to 200 feet in height, over which lies much 
debris of green or gray clay. There are two spots, at one only of which 
the salt is visible; it presents the usual characters.— A. B. W. 

7. TapA^ung*—A. hill of salt apparently, capped by gypsum, 
ftc. Green muds or shales dip at low angles west by south to pass under 
the hill, and a 25-foot cap of gypsum and day covers it. The salt crops 
round the northern side of the hill, and the appearance is that of an 
isolated patch of salt in the clay and gypsum, but appearances cannot be 
trusted, as slippage or faulting might be present in such Ahighly dis- 
turbed place. This hardly resembles any other locality in the salt 
region except in a very general way on account of the appearance just 
mentioned. The thickness of the salt exposed may be from 16 to 20 
feet,, and the bedding seems to vary from horizontal to a slight south- 
westerly inclination.— A. B. W. 

8. BddtMr^drung . — ^A little dark gray salt is seen just beneath 
the gypsum, as if between this gypsum aiA gray days, the salt dips with 
the gypsum showing about 10-foot of an outcrop. There seems no 
certainty of any large mass of salt here; the relations are very obscure, 
and^the whole place is open to suspicion of slippage. This is the last of 
the exposures to which the name of Manzulli was applied.— A. B. W. 

9. Zdwd-‘irung is a small exposure pf salt in a nullah entering the 
right side of one of the heads of a stream which joins the Teeree Towey 
(Tiri Taui) at Sharki ; the salt is covered by green day, over whidi is 
apparently a large patch of gypsum, in which layers of gray clay occur 
irregularly. 

10. Soarthung. (Sdrthung).— On the northern dde of this summit 
in a central ravine of the hills, are what appear to be old salt mines in . 
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gtCBt vertical openings^ showing an apparent thidmess of 80 to 100 feet 
of salt under a 50 to 70-foot heading of shale or clay ddbris^ with angdar 
blocks of the local rocks ; the salt is of a dark gray eolor^ seems of good 
quality, and its stratification may undulate ; some high dips to west hnd 
north-west were so indistinct that th^ could hardly be relied on. The 
gypsum, though seen near the place, does not now rest on the salt, and it 
is very possible that some of the g]rpBeous clay called ^ iheenkoura * may 
have been the succeeding rock. 

11. MiranM read.— In a ravine where this pathway is about to 
leave the hills north of Totukki, amidst some gypseous and clay ddbris, 
there is a little salt, purposely«concealed ; it has a whitish-gray colour, and 
seems of good quality. 

12. Burhbrra^ 8erajfpak^drmngj-^k deep khud here traverses much 
gypseous ddbris and red day. In the main ravine and side nullahs huge 
masles of rock-salt are seen cropping from the banks for fully half a 
mile with an apparent horizontal arrangement and a thickness of per- 
haps over 200 feet. At one place there is on appearance as if a 60-foot 
band of the salt overlaid black gypsum; but as the latter might have 
slipped down, no weight could be attached to the observation ; the salt is 
of good quality and of the usqal gray colour. The whole place presents 
a most disturbed and shifted appearance, but as either a mining or quar- 
rying locality, it can hardly be surpassed in this part of the district ; it is 
also near the high road from Koh&t to B&nnd. 

13. Bdnid Sar Afy.— In some of the small ravines about a mile east 
of Bfinda serai and rest-house on the road just mentioned, small masses 
of salt are seen in contact with purple gray day, greenish and red day, 
and lumpy masses of black impure gypsum, all jumbled together and 
affording no instructive section. 

14. Drungt Banda. — ^Eastward of the latter Ipoality, and north of 
this hindd or village, are some reputed old salt mines in dark coloured 
(upper) salt which show in about 10 to 15 feet outcrops close to a 
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mountain stream 5 and beneath dark gray and black bitaminoiis gypsum. 
The stratification seems to be at a low angle inclinefd to dip northerly ; 
close by are rotten alum shales and some sulphurous springs. 

The locality is one of much disturbance and complexity, and the 
low level at which the salt is seen is against it as a place for mining. 

Two small exposures of salt are said to be known beneath 
d£bris on the southern slopes of Zyarutti hill. 

15. Zaino or Zino guarriet ^ — These occur at the eastern side of the 
ellipsoid hill, within which the Mil^n quarries are worked, but no wprk« 
ings are carried on here. At this locality g^ing from west to east are six 
large crateriform hollows, which all contain more or less salt. The de- 
pressions are at least 100 feet deep, and must be drained subterraneously 
by channels probably leading towards the Teeree (^n) river through salt 
gypsum and ddbris. The stratification of the salt appears nearly hori- 
zontal, as might be expected close to the axis of an anticlinal curve, and 
that it was once all overlaid by gypsum appears likely from the quantity of 
this rook lying about in broken fragments. In one of the hollows, a salt 
outcrop, 50 feet high, showed a regular stratum of gypsum, 10 feet thick, 
overlying the salt. The upper beds of the latter appeared very black, 
but when broken did not smell as might have been expected. Large 
masses of the salt were found which would be of inferior quality as re- 
gards consumption. At some places lower strata of better quality were 
seen*; by keeping to these lower beds, salt of sufficiently good quality 
might be procured at any time. Beyond the crater-like hollows salt ap- 
peared also in a small transverse ravine, and beyond that another outcrop 
showed on the hill side. This last is very near the top of the ridge, at 
least 700 feet above the adjoining river vidley; thus mining ought to 
have good prospects here. The extent of the Zaino exposures is half a 
mile in the direction of the ridge, but the breadth is small. Quarries 
are said to have been worked here in former times, but there are no traces 
of them now. 
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16. NunifvlM lies north of Hdkani mountains and north-west 
from Shukkurd&rra. North of the village of Nundrokki there is a laigS 
area of gypsum^ on a commanding point of which a guard tower has been 
erected ; near this is a crater-like hollow with a subterranean escape. 
North and east of it are two more such hollows^ with ravines running 
into them ; these also have subterranean outlets. The sides of the cra- 
ters are all naturally ' dressed^ by earth and ddbris, amongst which large 
vertical cliffs of rock-salt crop out. It is of the usual appearance and 
gray colour. A good deal of heading would have to be removed before 
safe quarries could be openedj but for mining operations the locality 
seems well suited ; the salt here must be nearly horizontal ; there is a fourth 
hollow of the same kind to the east^ but the salt is not seen. The craters 
being 200 feet in depths this thickness at least may be attributed to the 
salt. Around this place there are some smaller exposures ; one, called 
Sdrdand-drung, lies within a mile north-eastward in the same gypsum 
area/ another near it is called Esho or Yeshu-drung. Another occurs 
south-west from the watch tower near the village Kurrari associated with 
a quantity of gypseous ddbris, and north-westward of the latter is still 
another small salt locality near the summit of Peer Ooot (Pir Out) Sir 
mountain. 

17. JDund^ DurrUdrung iM name of a small salt outcrop which 

occurs in the range connecting Nundrukki and Kur£r Sir and on its 
southern side, below gypsum. The locality is two miles east of the 
village of Dand, and is sometimes called by that name. The quantity of 
salt is very I'be locality unfavorable for excavation, yet 

Quarries are said to have been worked here in former times. 

A small quantity of salt was said to have been once exposed between 
this and the Turrilli ravine or Mitt&n pass to the east. 

18. Kurar. — ^A large exposure of sdt occurs in the southern face 
of the hill below Eur&r Sir, and a guard post has been built for its pro- 
tection. *016 rock-sdt has a thickness of 150 feet as far as it is shown 
by the outcrop, but this cannot be at all presumed upon as any limit of 
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its rgal thickness. One salt cliff near the guard-house is 60 feet high 
by itself. The salt is very pure; indeed, it is said that purer salt oould be 
got here than at any of the other localities in the district. From what 
is seen the salt appears to contain only a minute proportion of the blue 
clay which forms the principal foreign ingredient of the salt at the 
western and other quarries. The uppermost strata only were here inter- 
laminated with thin bands of black bituminous salt ; some other layers 
contained small fragments of gypsum. The salt is stratified and shows 
a dip to the north; it is either colourless or of a light gray tint. Some 
that had a reddish look proved to be only superficially coloured by wash- 
ings from a red marl above. 

The salt outcrops for half a mile along the hill side, and projecting 
spurs from this are formed of the overlying gypsum from which the 
presence of more salt within the hill may be inferred. By l^moving the 
debris very large quarries could be formed and mining could also be 
advantageously carried on, as the salt rises 160 feet above the adjacent 
gorge. 

19. (Spina).-— There are here on the north-western side and 
to the west of a large expansion of gypsum several large open outcrops 
of salt, some of which discharge brine in considerable quantities as 
shewn by the thick incrustations of salt in the stream below the hill and 
to the northward. The salt undulates slightly, and shows strongly 
round the sides of semicircular hollows. It is of the same character as 
usual, and much resembles the Nunee (Narri) salt. The western ex- 
posures occur over the pathway in the pass of Kohneegd; on its north- 
eastern side, but at this place the rocks are all so much broken and dis- 
turbed that no rdations can be discerned among the confused masses. 
The larger exposures would suit well for workings. 

20. Sirra AAisa.— S]dt is seen in two principal places here, both in 
cliffs, north and north-by-west of the village of the same name, and, as 
usual, overlaid by gypsum and ddbris. At the most westerly localily the 
salt has a face 36 feet high and dips north at 40^. Nearer to the 
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gaard-boase or tkpd there are large orateriform hollows evidently filled 
by solution of underlying salt^ and a oonsideiable hill shows a strong salt 
outcrop presented to the westj and dipping eastward beneath gypsum 
and tertiary sandstones. The salt in this hill may be 200 feet in thick* 
ness. The stratification is plain^ . and from the manner of exposure 
appears as if nearly horizontal. Oblique lamination lines in the salt 
occur^ indicating currents coming from a northerly direction ; its general 
colour is white or gray, and its purity intermediate between that of the 
Bahfidur Ehdl and Nurree (Narri) salts. The situation would be very 
favourable for any kind of working. 

21. Tapi^druny.—WeBtwarA of the Kiirruk group of quarries, 
there are several other outcrops, the place being known by the above 
name taken from a guard-house or boorj on the spot. The salt has the 
same general character as that at Kurruk ; it dips to the north at 30° 
and 40®.— A. B. W. 

22. G^oofooa/.— There are numerous salt exposures from the village 
eastwards along a fault boundary between the gypseous series and 
tertiary sandstones ; the salt is generally good, appearing in outcrops 
from 20 to more than 50 feet high, according to the appearance of the 
ground.— A. B. W. 

28. Zdwa A Where this stream issues from a rooky gorge 
west-by-north from Oooroozi, great masses of salt are seen on the right 
bank and in adjacent nullahs : the exposure measured 560 paces across 
the strike, and the chief mass is about 80 feet in height; the salt is dark 
gray, like that at Bahddur Khdl, but less laminated or more solid, and 
apparently more pure. A great deal of it was seen in perfectly naked 
exposures. 

24. Soordag (Surdag) pass, or Thrukkah Algud.— The salt here is 
near the southern mouth of the pass, and was traced along a fiiulted 
junction with the tertiary sandstones and red clays for 600 paces, being 
a few yards to a few feet in width ; part of it is overlaid by gypsum 
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patches; the salt is nearly horizontally stratified^ and the outerops from 
5 to ^0 feet in height. This saltj dissolving under the atmosphere, covers* 
itself with a layer of the clay which it contained ; it is of the same 
character exactly as that at Bahidur EhdL— A. B. W. 

25. Sdppdrri, a salt locality in the hills south-west of Bahfidur 
Ehdl, close to the British Frontier. The salt was not seen, only a 
strong saline efflorescence, and it was said to have been concealed by a 
fall of ddbris. The place is just at the watershed between the ChangOsh 
and the Bahfidur Eh£l streams. — A. B. W. 

■ 

Besides the above there are a few smaller salt exposures near the 
others, sometimes called by separate names ; thus Lukki and Edtkulli 
between Sirralkhwd and Eurruk, where a little salt is seen. 

Total outcrop,— li the working quarries be included with the 
localities just mentioned, the exposures will number at least dSS, exhibit- 
ing, when approximately although very roughly estimated, 8,082,996 
superficial feet of rock-salt. 

Total quantity of 9aU,—\i the above exposures of salt be supposed 
to have a thickness of only 100 feet, the quantity present might be 
estimated at 500 millions of maundp, equal to the present demand 
for 1,000 years, but this estimate would be unreasonably low, for, 
in attempting to calculate the quantity, we must remember that 
the area of at least all neighbouring ground in which salt is pro- 
bably concealed should be included, and then it Would have to be 
reckoned, not by square feet, but by square miles. The Bah&dur Ehdl, 
all but naked rock-salt, is four miles long and a quarter of a mile 
wide,' giving one square mile of area : the Malgheen (Mdlgin), Jatta, 
B£rb&zTa, Gooroozi, and Narree (Narri) quarries may be taken at a 
quarter to a fifth of a mile each, but these are only some among many 
localities,, so that an.area of five square miles may be fairly supposed to 
represent the space in which rock-salt is pretty certain to exist (though 
it may really be much greater). The salt strata measure 1,000 feet 
thick at one place at Bah&dur Ehdi, but taking the thickness for the 
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whole of the above area as only 200 feet, this would give an i^ount 
of 40 milliards of maimds, sa&cient, after making a large allowance for 
waste, to last at the present rate of consumption for over 40,000 years. 

With such a vast supply there is little necessity to speculate, for 
practical purposes, about the existence of further salt treasures bdow 
the great gypsum area of these hills, but it would be satisfactory, in a 
scientific point of view, to know whether the salt is, or is not, as continuous 
as the gypsum under which it lies.* 

Waste of tie salt ly rain and in quarrying , — ^The average nunfall 
registered at Kohdt Station between 1863 and 1873 was 17*12 inches, 
and at B&nnii 11*25 inches, averaging 14*19 inches. If we suppose 
the latter amount of rain to fall annually upon the exposed salt surface, 
and a saturated brine to result, 0*2 feet of salt will be dissolved 
annually, but taking only 0*15 feet instead, as the brine would not be 
quite concentrated, the conclusion is arrived at tliat 4^ lakhs of cubic 
feet of salt are annually dissoVed and carried off by rain water from 
exposed surfaces, an amount equal to 742,500 maunds of rock-salt I 

Much salt must also be carried away by subterranean percolation 
of rain water, as may be seen in the incrustations of numerous brine 
springs, so that it will be within the limits of probabilily to say that 
the annual waste by natural agencies is equal to twice the amount sold. 
Compared with this great source of loss, the waste now taking place 
at the quarries by throwing away the small salt seems insignificant, 
being, perhaps, annually not more than one-sixth of the amount removed 
from outcropping salt by rain. 

e This question applies both to the Cis«lndiis and Tmns-lndns salt regions. In both 
the gypsom extends throngh the hills, but the salt may he supposed with mudi prohalnlity 
to have a lentionlar disporition. Here and there it readies an enormous thickneaa appa- 
rently over 1,000 feet in this region, and up to 000 feet in the othw, hht in other plaoee it 
may have altogether disappeared. 

The theoretical supposition of the salt having been deposited from the evaporation of 
sea water, separated entirely or temporarUy from the ocean, and thus edleeted in the deeper 
pools or hollows, will he found mentioned above. 
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With legatd to the waste of the salt in quanying^ it is true that even a 
larger loss is taking place at these than at the Cis-Indus workings. At 
the latter^ chips of sidt above half a seer in weight are all used^ but here 
pieces of 5 seers are thrown away^ and all the sharp comers of the blocks 
are rounded off^ as well as the very great loss which takes place in the 
manufacture of tubbis. While in ail cases economy should be practised 
in both localities, the natural resources are so great, that there is no ac- 
tual necessity for causing inconvenience to the traders or outlay to Oov- 
emment in order to avoid wasting the salt. The waste from small salt 
cannot pass beyond certain limits, and much more damage might be done 
by irregular mining and by careless quarrying. If the beds of good salt 
within reach are systematically consumed by either mining or quarrying 
without allowing whole strata to become practically useless from the ac- 
cumulation of ddbris, or to be destroyed by access of watqr, &c., the 
damage done by rejection of small salt can well be put up with. 

The traders to the Trans-Indus dep6ts use only open palm-leaf rope 
net-works (turringries) for carrying the salt in ; by introducing the use 
of bags as at the Cis-Indus mines, the waste of salt might be at 
least reduced to the lower standard of the latter mines, but even this may 
be thought the less necessary, because the amount of salt cropping to 
the surface is so much greater Trans-Indus. 

Although so much in excess as to make it seem wonderful how these 
Trans-Indus outcrops have withstood destruction during a whole geolo- 
gical age, they must in coming centuries melt down to the level of the 
water-courses, or become deeply covered with ddbris through the mere 
action of the atmosphere, the excavation and waste being at the same 
time continued or not, locally, as the case may be. Mining, instead of 
quarrying, would then have to be carried on, and it would then be time 
to think of economising the small salt. 

ForAgnaalU , — ^No deposits of potassa or other foreign salts have been 
found overlying any of the salt beds of this region, yet this is no reason 
why they should not be supposed to exist. I have, however, carefully 
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searched at all the outcrops which I examined^ but have never been re- 
warded by finding any^ not even a trace of their occurrence,^ though a 
small deposit of the kind has been met with in the Cis-In^ps Mayo 
Mines. . 

The salt is constantly accompanied Ly gypsum, yet only at a few 
places (as at Kurrir) small fragments of this mineral have been found 
enclosed in the salt itself, and it required arndysis to detect the presence 
of this mineral. Neither has anhydrite been found associated with the 
salt except as veiy small crystals in the gypsum of Mfilgin. The princi- 
pal impurity of the salt in this district is a bluish clay, which is, however, 
rarely present in sufficient quantity to prevent its being worked. The 
uppermost salt layers include, at most places, black laminss containing 
bituminous matter and smelling of petroleum ; and sometimes the 
ordinary salt when of a slightly darkish colour, as, for instance, at Jatta, 
has the same smell when freshly broken, though but slightly. In one 
quarry here a layer of black earthy salt occurring in the midst of good 
salt was highly bituminous and smelt strongly of petroleum ; it contained 
also pieces of iron pyrites and calcareous marl. On dissolving some of 
the upper bituminous salt of this Jatta locality, a residuum was obtained 
of a brown bituminous sand which burned white before the blowpipe, yet 
retained a slight petroleum smell. There was evidently not sufficient 
oil in the salt to appear as such on the water in which it was dissolved.* 

• In Eanten*B large work on salt (previonaly referred to. p. 87, Ae., ) sneh refer- 
ence is made to the occurrence of mineral oU with rock-salt as would appear to show 
that he was certain of some relation eiisting between the two. Thus at page 401 , speaking 
of modem Italy, he says, "the occurrence of earth-oil in seroral parts of the ooanti|poom- 
bined with its geobgical constitution to lead to the expectation of finding brine springs and 
even rock-salt, though neither were yet known.’* Again, at pages 606-7, he gives the result 
of borings for rock-salt at Marmaiosh in Hnngary. "The rock-salt is covered 
81 feet 8 inches of day of various qualify, 8 feet of which immediafyl^ overlying the 
salt has a strong bituminous smdl, this bituminous day being^ways thS immediate 
covering of the salt” Another boring gave 81 feet 7 inches of strata overlying the salt, the 
la^ of bituminous day next to it being 6 feet thick, and tile lowest 8 feet of the day 
being safine (p. 687). He also says that all over the region of earth-oil and naphtha at Baku, 
Ac., on the Caspian Sea there are also brine or salt springs. 
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• At the Saya Malgheen (S^ya^ M&lgfn) quarries the upper layers 
of the salt alternated with black bituminous gypseousr rock at one place, 
which contained small but beautiful crystals of anhydrite in transparent, 
colourless, rectangular prisms. 

Oepffrajikieal area of eoneumfition Trane-Indue ealU 

Eastwards of this salt region the river Indus Customs line forms a 
great boundary confining the consumption of the cheap Koh&t salt in 
that direction and seperating its distribution from that of the Salt Bange 
which pays a tax of Bs. 3-1 per maund. K&bul gets its salt from 
Bahfidur Eh41 by the most direct route through the Eoorum valley, 
which is reached in a few marches from Bahfidur Khd by various 
rugged routes. Most of these lead over the (Manzulli) range of hills 
north of that place, then turning westward until the Eoorum river is 
reached; from. this part the traders follow the stream northewestward, 
others proceed westward and south-westward through the Waziri 
country, the carriers being themselves Waziris and Ghilzais. 

The most western limit said to be reached by this salt is lake 
Alistfid*^ in the Qhilzai country, south of Ghazni, at a distance of nearly 
200 miles from Bah&dur Khdl. 1 learned, however, from a native of 
this Alistdd region that this salt was carried further still in a westerly 
direction and down to Kdndahar. At this distance, however, it was 
very dear, and equal in price to ghee, wherefore many people could not 
afford salt, and some used an impure efflorescence instead. He also said 
the Alistdd lake was not a salt lake. 

Another portion of the Bahddur Ehdl salt is carried southward 
rAd Bdnnfi into the Derdjdt, or country between the British frontier in 
that direction and the river Indus preventive line. For this route, too, 
the Eurruk salt is chiefiy reserved, going by a more direct road past 
Sheik BudsflC" ms^istidn to the south, but some of it is also allowed to go 
to Bdnnii, and thence to the west along with the Bahddur Ehdl salt. 

• Captain Flowden'a memorandom. The name of this lake in the recently issued 
map of Tnrkistan is spelled Ab-istada. 
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The nte charged by Govemhieiit at Knrnik being 1 annai and 
at Bahadur Khfl 2 annas^ less than at the eastern qnarxiesj salt^from 
the west is forbidden to be carried in the direction of the eastem someesj 
a prohibition which ought not to be difficult to maintain^ as the dfirtamee 
from Bahadur Khdl to the nearest open quarry eastwardsj that of 
Nuiree (Narri)^ is sufficient to counterbalance the difference in the rate 
by the increased cost of transport. 

The two western sources supplying the countries to the west^ south- 
west^ and north-west^ the three eastern localities are reserved for the 
countries to the norths north-east^ and north-west. The Jatta salt is 
taken northwards along the Bdnnd and Koh&t road. The salt from 
Nurri takes the same road. Camelmen, as a rule, are supposed to go to 
Nurri for their salt, the road being better, while bullock-and donkey-men 
go to Jatta on account of the three miles of bad road between the quar- 
ries and the depdt being more accessible to their beasts of burden. 

The salt having reached Koh&t and supplied its wants, is taken on 
by the Affiridi pass to Feshawur, a road for the use of which Oovemment 
pays a ^ black mail’ of Bs. 12,000 annually to the Aflridi tribe, whose 
country stretches like a peninsula of hills into the British territory. Of 
the surplus remaining after supplying Peshfiwur, a part is taken west by 
the Khyber pass, as far as Ningr&hir, not generally reaching Kibul, but 
being consumed in the provinces lying on the way thither. Another part 
of this salt from Feshiwur is carried northwards to Bajour, Sw&t, fee. 

Malgheen (M&lgin) possesses a salt road of its own, called the 
old Drung-ka-rfista," which, avoiding the Affridi pass and coie^ntiy, 
leads up the right side of the Indus, crossing the MirldiUn pass into the 
lower part of the Feshiwur valley. 

From the north of the last named pass, Stme of ilm salt goes to 
Ferii&wur, but the larger quantity to the north-eMrYusufSal, Bondr, 
&c., also across the Indus near Torbeyla, beyond Sift^reventive line, to 
places whence no competition with the high taxed salt of the Salt Bange 
could take place. 
e2 


( 829 



wnnra : TBAjaMmiw uwioir, xoha.%> vimiorr. 

tlub HMd A«a»]i|4MaB (MMIgfii) WAinaMiraokfbatisiii^ort- 
«i|, asall tmdttffiqvHlim'to tBanrane it is cue of the 

AiBtidii «lo«V Am 

fhe ^ielwwe fitont Bdiidiir KMl to Kibtd being 140 nulee, to 
Lake 180 inilea, end to <be HinM Kdah, 200 miles, the ooyi* 

omiigtiim Mae Ol the Kohtt Mk i^gtoa may be said to be induded 
srithio a mdins of £00 miles, this limit bong Hg|aMy not leadied in 
(ttieetanis, notably to the east, nhiwe the cujIrwMdd be nearly inter- 
aeetodby tttofveventive line, while itisesoeeddllathe Ddriyat and Sind 
dfaeefion. Bqimts aay the salt goes as fiw as Kdndahar and Balfc, which 

a » 

MhU he mndi mone thaa 200 mfleeg but it is doalf^al if any ooneider- 
iMe amount of the salt reaolies these distant places. The vikole area 
vhidi this salt is diatribated may be equal to 60^000 square 

MHflvOa 


a Non# of fho nit of thli oonntiya nor any of that from the Salt Bani^e, appears to 
tiacli tho Tukand terxitoiye titongh eome of the latter oeoasionally penetrates as far as 
feddlblmt not Vyn>d. 

ISda etatement la made en the reply to a question contained In one of the last letters 
wr i tten the kte Dr. F. StoUeska, under date Kafftong, June ISSi, 1874^ from whioh 
•he fbllowlng is eatraoted 

^ Pore salt in small cubic crystals sdls in the Yarkand and Kashgar bazaars at the 
mte of 1 pice per pound, and common salt (eifloresoeniv) salt for besets) at the rate of 
7 *«— g Ar a donkqy-Jaad, somewhat over two mannds.** 

Tin leimen of then prion woold seem to bo eaffloient reason fbr the SdiJlkt^ salt 
asiisbelst enried fluther (ban Ldh, bat even the mneh obnper Trsns-lndss Sj^ though it 
Mkppllti the Tnsafkai eomh7 and bSUe norib of the Pesh&wnr vallay* appear to 

iNbimlii enryiaglnto Xashgtr thioqgh the Jllflfibad pnia nid to he praotiSj^ tot ledeo 
sswIftmiriMls wqr.— A. a w. 
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